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ABSTRACT
A study of the seasonal and spatial distribution of
phytoplankters in relation to physio-chemical parameters
and discharge regime was conducted in Barren Lake, Kentucky,
a flood control reservoir with a dam equipped with a multi-
level outlet, from February, 1970, through January, 1971.
Paired samples were collected every two weeks from
April through October and every three weeks from November
through March. Samples were obtained from eight depths in
the main pool area of the reservoir and from the tailwater.
Reservoir discharge was primarily from the upper 3 m
from April through September. At other times, discharge
incorporated lower levels to reach and maintain lower
winter pool levels.
Based upon chemical and biological characteristics,
Barren Lake may be considered to be mesotrophic. The
alkalinity levels of the lake (range: 44-129 mg/1) averaged
91 mg/1 over the study period. An anaerobic hypolimnion
developed in the late summer, and pH was consistently slight-
ly alkaline. The phytoplankton community was dominated by
taxa considered to be characteristic of both eutrophic and
oligotrophic waters, but maxima were relatively low
(77000 - 155000 cells/1).
During the study, five major phytoplankton populations
were present: March-April, Melosira italica; June, Ceratium
hirundinella; July, Asterionella formosa and Dinobryon
IV
sertularia; August, Fragilaria crotonensis; and December,
Melosira granulata. Two distinct minima occurred in February
and May.
The main controlling factors for seasonal and spatial
succession were concluded to be the physical effects of
changing light, temperature, turbidity, turbulence, and
discharge. Nutrients, which fluctuated with plankton popula-
tions, were always above reported limiting values. Zooplank-
ton, although inversely correlated with phytoplankton popula-
tions in the spring, were not felt to affect significantly
the phytoplankton populations due to the species composition
of the phytoplankton community.
The February minimum of 2159 cells/1 coincided with
high discharge (3600 cfs), high turbidity (123.8 mg/1), and
low temperature (3.3 C).
The March-April pulse coincided with the spring increases
of light, temperature, and nutrients. The main factors con-
tributing to the pulse was a reduction in discharge (500 cfs),
high turbulence, and the improvement in general growing
conditions. During May, increasing effects of stratifica-
tion on turbulence and the rise of discharge rate to 3600 cfs
contributed to the spring minimum.
In June, Ceratium hirundinella pulsed during high
alkalinity (118.8 mg/1) and high temperature (22-24 C). It
declined as alkalinity decreased to a seasonal low (72.9 mg/1)
and disappeared in the fall when temperature dropped below
7. 5 C.
v
Asterionella formosa achieved dominance (2384 cells/1)
in July below the 6 m level, being restricted there due to
its inability to tolerate the high temperature (24-29 C)
and light intensity (35000 lux @ 0.5 m) in more shallow
waters. Its occurrence so late in the year was attributed
to its inability to compete with the Melosira populations
of early spring. The decline of A. formosa correlated with
increases in temperature and decreases in light at the lower
depths. Dinobryon sertularia was associated seasonally and
spatially with the populations of A. formosa.
Fragilari a crotonens is dominated the phytoplankton
maximum of 155754 cells/1 in August. It succeeded A_. formosa
due to its ability to tolerate higher temperatures (24-29 C)
and to utilize nutrients, particularly silica, more efficiently.
Its subsequent decline corresponded to decreases in tempera-
ture, an increase in discharge (1000 cfs), and a decrease in
light in late September.
Following the decline of F_. crotonensis, Melosira granulata
produced a maximum of 45062 cells/1 in December. Its succession
was attributed to the return of homothermy and the resulting
increases in turbulence and nutrients at fall overturn. The
size of the population may have been influenced by the surge
in discharge (3600 cfs) in November. In January, a sharp
decline in the population coincided with a surge in discharge
(3600 cfs) and decreases of temperature and light to seasonal
lows .
Tailwater plankton populations generally correlated with
vi
main pool populations. Tailwater phytoplankton populations
tended to be somewhat lower than those of the main pool.
Discrepancies, when they occurred, were attributed to
difficulties with sampling equipment, high discharge (3600 cfs),
and stratification of plankton populations when discharge
occurred from levels not associated with those populations.
v n
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INTRODUCTION
This study was undertaken primarily to determine the
seasonal and spatial distributions of plankton, with special
reference to phytoplankton, in a Kentucky reservoir and,
where possible, to relate the findings to physio-chemical
features characteristic of the reservoir. The study was
conducted from February, 1970, through January, 1971, in
the main pool area of Barren Lake.
LITERATURE REVIEW
In the majority of north temperate lakes, periodic
changes in concentration and composition of phytoplankton
often follows a bimodal pattern (Marshall, 1965). Phyto-
plankton normally exhibits a spring maximum, reduced summer
population, secondary autumn maximum, and small winter popu-
lation (Pennak, 1949; Reed and Olive, 1956; Fogg, 1965). In
the English Lake District, where all ranges of productivity
are encompassed, a minimum of algal activity occurs during
the winter period (Macan, 1970). The summer period is
usually one of severe competition with low numbers and high
species diversity (Lund, 1964; Hutchinson, 1967). In Lake
Erie, and often in other temperate lakes, the spring and
autumn pulses are usually dominated by diatoms (Chandler,
1942). The autumn pulse may exhibit a double peak or may be
replaced or delayed by a late summer pulse of blue-green
algae in highly productive lakes (Hutchinson, 1967). Lund (1965)
stated that the annual or seasonal occurrence of an alga is
not determined by a single factor, but by the interaction of
various factors. These may be grouped into three main cate-
gories: 1) physical: temperature, light, and turbidity;
2) chemical: dissolved organic and inorganic materials; and
3) biological: competition, predation, parasitism, and inhi-
bition (Lund, 1965; Hutchinson, 1967). A fourth factor,
flushing or discharge, must be considered in shallow lakes
and reservoirs where such factors can greatly affect phyto-
plankton numbers and composition (Hudson and Cowell, 1966;
Findenegg, 1966; Dickman, 1969).
Physical Factors
The general seasonal succession of species can be related
to the interaction of light and temperature (Rodhe, 1948;
Lund, 1965). Light is necessary for photosynthesis and must
be present in amounts greater than 1% of incident surface
light in order for measurable photosynthesis to occur
(Chandler, 1944; Tailing, 1962). Temperature is the most
important regulator of living processes (Ruttner, 1963) but
is dependent upon light and tends to lag behind changes that
occur in light intensities (Hutchinson, 1957).
The inception of spring phytopiankton pulses often
coincides with increasing radiation while seasonal lows of
radiation correspond to phytoplankton lows (Chandler, 1944;
Lund, 1949; Hutchinson, 1967). In regard to selected species,
however, high light intensity can cause a reduction in numbers
and low intensity can cause pulses (Bradly and Beard, 1967).
Phytoplankters often distribute themselves where light
intensity is optimum (Tailing, 1962; Lane, 1969). Changes of
light intensity at the surface can cause modification of
depth profiles of growth and photosynthesis (Tailing, 1962).
Low winter light often restricts population growth except in
the shallowest lakes (Lund, 1950, 1955). In other cases,
photo-inhibition at surface levels can cause a reduction in
numbers (Edmondson, 1956; Bradly and Beard, 1967). Maximum
photosynthesis would then occur at a lower level where light
intensity had dropped to a more optimum level (Goldman and
Mason, 1963). In populations circulating over an extended
vertical range, however, overall effects on growth may be
negligible (Tailing, 1962).
Transparency of water can affect phytoplankton popula-
tions. Through restriction of light penetration it can
affect the depth of maximum photosynthesis (Edmondson, 1956)
as well as influence community composition. In Lake Erie,
when transparency is high, the autumn pulse is large and
dominated by cyanophytes ; when transparency is low, the pulse
is smaller in magnitude and dominated by diatoms (Chandler,
1944).
Varying penetration ability of different wave lengths
may affect phytoplankton populations. Water selectively
absorbs larger proportions of the ultraviolet and infrared
light waves with increases in depth (Edmondson, 1956).
Since red light is more effective photosynthetically, the
loss of these wave lengths may be related to the reduction
of photosynthesis that occurs with depth (Goldman and Mason,
1963). Edmondson (1956), however, felt that such an effect
by this change in light composition is minimal especially in
deep, clear lakes. Since only visible light penetrates to
any significant depth (Edmondson, 1956; Hutchinson, 1957)
measurement of underwater light with a neutral filtered
photometer is significant for evaluation of photosynthesis
(Sakamoto and Hogetsu, 1963).
In the development of winter and spring pulses, light
is thought to play the major role (Tailing, 1955; Lund, 1964;
Hutchinson, 1967; Pechloner, 1970); however, during the spring,
when increases in light intensity exceed any increases in
temperature (Hutchinson, 1967), the fastest growing phyto-
plankters produce the spring pulse. In most lakes, however,
as in the English Lakes, some 70% of the species present have
optimum temperature requirements in the temperature ranges
occurring in the summer months (Lund, 1964). Temperature is
also referred to as a main factor in late summer blooms of
blue-green algae (Hutchinson, 1967; Spencer, 1970).
Temperature has a secondary effect through the production
of a stratified environment during the summer season. More
rapid warming of upper levels created a density barrier, the
thermocline, to mixing of lower and upper levels (Ruttner,
1963). This stratification can have important indirect effects
on algal distribution and growth by limiting the vertical
transfer of dissolved substances and phytoplankters (Gessner,
1948; Lund, 1954, 1955).
Vertical stratification resembles a stream with multipli-
cation in the euphotic zone and a flow of dead and dying
organisms to the depths controlled by their rate of sinking
(Gessner, 1948). In some species of Melosira, this plays an
integral role in the life cycle (Lund, 1954). The sinking
rate is controlled by the amount of turbulence; in stratified
summer waters, the epilimnion is relatively turbulent compared
to the hypolimnion where the sinking rate may be ten times
greater (Gessner, 1948). The level of the thermocline can
affect such a system through regulation of the level of
accumulation of plankters. If it is deep, multiplication
and accumulation occur in the epilimnion; if shallow, plankton
multiplication may occur in the hypolimnion and individuals
may be rapidly settled out of the euphotic zone. This can be
intensified if the water is clear and the phytoplankton
dominated by shade forms which can be injured by high light
intensities at the surface (Gessner, 1948). This variable
depth distribution of plankters also contributed to corres-
ponding irregular distribution of nutrients (Pennak, 1949;
Hutchinson, 1967).
The thermocline can also influence the vertical profiles
of dissolved materials. The critical zone for accumulation
is likely to be the upper part of the thermocline (Lund, 1964)
or, in the case of a shallow thermocline, it may be the sedi-
ments (Gessner, 1948). Wind-induced turbulence can alter
this vertical distribution through its effect on the thermo-
cline (Lund, 1964; Macan, 1970). During the fall, isothermal
conditions are obtained and wind can cause sedimented plankters
and nutrients to be returned to the upper levels (Lund, 1964;
Macan, 1970). During winter periods, if ice is absent,
temperate lakes are in continuous circulation, and strati-
fication of the water column is often non-existent (Hutchinson,
1957) .
Turbidity, which is related to changes in suspended
material (Chandler, 1942), can have a marked effect on phyto-
plankton populations (Verduin, 1954). Phytoplankton popula-
tions reach their greatest development in water of 0-25 mg/1
suspended solids with populations exhibiting decreases at
higher turbidities (Claffey, 1966). Phytoplankters themselves
can cause values up to 150 mg/1, although allochthonous
materials and strong winds probably have the greatest influence
(Chandler, 1944). Turbidity can control the composition,
duration, and occurrence of autumn pulses in Lake Erie
(Chandler, 1942). Low turbidity favored cyanophytes, while
high turbidities favored diatoms (Chandler, 1942). Lane (1969)
suggested that the nutritive value and the abrasive effects
of suspended material can give an advantage to diatoms.
Turbidity fluctuates seasonally, being low during late
spring and increasing during the fall and winter in Lake Erie
(Chandler, 1942). Highs in spring and lows during winter and
summer have also been reported (Ward and Seibert, 1963). The
presence of ice during the winter months can account for low
values reported for this period (Chandler, 1942; Ward and
Seibert, 1963).
Water entering and leaving a reservoir can affect the
productivity of a body of water. The quality of water
entering the lake or reservoir can greatly influence the
water chemistry and hence the nutrient dynamics of the lake
or reservoir (Hutchinson, 1957). In reservoirs where draw-
down can be regulated, correlations between the nutrient
levels and discharge have been reported. Nicola and Borgeson
(1970) found discharge from bottom ports to retard the
accumulation of nutrients and decrease productivity. In
small lakes were the turnover of water is very rapid, the
plankton community can become dominated by nanoplankton
(Dickman, 1969). In natural lakes sudden inflows, floods,
can lead to losses of phytoplankton through a flushing action
(Lund, 1954; Findenegg, 1966; Dickman, 1969), and the lake
may appear to be unproductive for a period of time following
the flood (Findenegg, 1966). The extent to which the produc-
tivity of the lake or reservoir is affected depends upon the
proportion of the water entering the reservoir or lake
(Findenegg, 1966).
Chemical Factors
Alkalinity and pH
The alkalinity of a body of water may be defined (Anony-
mous
1965) as a measure of the capacity of a body of water
to accept protons. This ability is due to the presence of a
buffer system composed of a complex mixture of bicarbonates
and carbonates, hydroxyl, hydrogen, and metallic ions, and
free carbon dioxide (Ruttner, 1963).
Total alkalinity consists of magnesium as well as calcium
carbonate which differ according to their solubility. Calcium
carbonate is quite soluble while magnesium carbonate is not;
however, since the former makes up 80% of the alkalinity of
most waters, it receives the most attention (Ruttner, 1963).
Alkalinity is closely related to phytoplankton photosyn-
thetically as a source of carbon and to pH through the produc-
tion of hydroxyl ions as a by product of photosynthetic
activity (Ruttner, 1963).
Alkalinity and pH can have a decided effect on the algal
flora. As pH and alkalinity increase toward hard water
conditions, the richness of the flora increases and is often
dominated by blue-green algae and diatoms (Prescott, 1962;
Edelstein, 1966). In soft water lakes, the flora is often
dominated by chlorophycean forms which may be sparse in
quantity (Prescott, 1962). In an English lake, a change in
pH and alkalinity caused by the introduction of base-rich
water resulted in a significant change from a chlorophycean
flora to one dominated by cyanophycean species (Reynolds and
Allen, 1969).
Alkalinity has been used as a general indicator of produc-
tivity. Moyle (1946) related alkalinity to productivity by
a scale: below 20 mg/1 as exhibiting low production;
20-40 mg/1, low to medium; 40-90, medium to high; and above
90 mg/1 producing high productivity. Jackson (1961) reported
maximum rates of photosynthesis to occur at ranges between
50 and 110 mg/1 for cyanophytes and below 50 mg/1 for
diatoms and chlorophytes, with the chlorophytes exhibiting
the lowest rates.
Seasonal cycles occur in alkalinity and pH values.
Duthie (1968) reported a seasonal change in pH with highest
values occurring in the summer. Alkalinity values parallel
changes in pH due to the buffering action of the bicarbonate
systems (Hutchinson, 1957). However, allochthonous materials
may produce greater seasonal changes than those produced by
changes in pH (Lund, e_t_ a_l_. , 1963; Reynolds and Allen, 1969) .
Vertically, alkalinity maxima can be attained in the
hypolimnion of eutrophic lakes. Reductive process cause the
increases to occur due to the increases in free carbon dioxide
and its ability to dissolve carbonates (Ruttner, 1963). This
can cause seasonal maxima to occur in surface waters at the
time of spring and fall overturn (Ward and Seibert, 1963).
Dissolved Solids
Theoretically, dissolved solids are the anhydrous residues
of dissolved substances in water, but they are not necessarily
a measure of the total weight of dissolved materials present.
In reality, this parameter is best defined by the methods
used in its determination (Rainwater and Thatcher, 1960).
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Reed and Olive (1956) stated that in a Colorado reservoir,
total solids consisted mainly of suspended material rather
than dissolved substances. Loss of carbonates as carbon
dioxide can result in low values (Hutchinson, 1957). Since
the leaching action of lotic waters can provide input into
a lentic system, biological activity can affect the carbonate
salts; dissolved solids may, therefore, undergo seasonal
periodicity (Hutchinson, 1957, 1967). Vertically, as
reported by Macan (1970), increases can also occur in the
hypolimnion of stratified lakes.
Dissolved Oxygen
Oxygen is produced as a result of the photosynthetic
process. Correlation between the amount of dissolved oxygen
and the phytoplankton is observable (Ruttner, 1963; Ward
and Seibert, 1963; Biswas, 1966; Vyas and Kumar, 1968) and
seasonal values can parallel phytoplankton populations
(Edmondson, et_ &l_. , 1956; Ward and Seibert, 1963; Biswas,
1966). Vertically, populations of algae can modify oxygen
values producing plus heterograde curves when maxima occur
in the hypolimnion (Ruttner, 1963). Negative heterograde
curves can occur when maxima occur in upper layers and
cause an accumulation of oxidizable material in the hypo-
limnion by sedimentation (Ruttner, 1963). The intensity
of decomposition of oxidizable material in the hypolimnion
reflects the trophic nature of the lake (Ruttner, 1963).
Accumulation and decomposition of such material in the
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hypoliranion leads to increasing anoxia in lakes of increasing
eutrophy during stratified periods (Vyas and Kumar, 1968).
Nitrogen and Phosphorous
Nitrogen and phosphorous can be considered as two of the
major elements limiting primary production (Lund, 1965).
Nitrogen may exist as molecular nitrogen in solution, organic
nitrogen, ammonia, nitrite salts, or nitrate salts (Hutchinson,
1957). Except for molecular nitrogen, most can exist in
refractory deposits; the inorganic forms are usually present
in low concentrations except in ground waters where they are
not subject to biological action (McCarty, 1970).
Nitrate nitrogen, the most frequently determined form
of nitrogen, is the end product of oxidation and occurs in
the greatest concentrations (Feth, 1966). Nitrate nitrogen
is very soluble in water in which it is highly stable, being
transformed only by biological activity (Hutchinson, 1957;
McCarty, 1970).
Nitrite nitrogen is rather unstable, being easily
reduced or oxidized, and rarely exists in concentrations
above 1.0 mg/1 (McCarty, 1970). It tends to parallel
nitrates, possible as a result of nitrate reduction, although
oxidation of ammonia has been reported as a source (Hutchinson,
1957).
Ammonia is the primary end product of protein decompo-
sition (McCarty, 1970); it may also arise from reduction of
nitrates (Goering and Dugdale, 1966). It can occur in
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significant concentrations in the anaerobic hypolimnion of
eutrophic lakes (Hutchinson, 1957), but is easily converted
to nitrates in oxygenated waters (Ruttner, 1963). Its
ability to form complexes with soil particles may also allow
its removal from the water column during such periods when
an oxygenated microsome is present (Hutchinson, 1957; McCarty,
1970) .
Organic nitrogen is the most abundant form in lakes; it
is formed and degraded by biological action. Part of the
organic nitrogen can accumulate in the sediments in a refrac-
tory state where it can act as a reserve for the production
of ammonia (McCarty, 1970).
The ultimate source of nitrogen is the atmosphere from
which it can enter the aquatic system by bacterial or cyano-
phytec fixation (Hutchinson, 1967; McCarty, 1970). Other
primary modes of input are through influents into the lake
and precipitation onto the lake surface with subsequent
fixation in the water and sediments (Hutchinson, 1967; Lund,
1965). Losses include the effect of effluents, diffusion of
volatile substances from the water's surface, denitrification,
and the formation of refractory sediments (Hutchinson, 1957;
McCarty, 1970).
Seasonal fluctuations of nitrogen compounds occur.
Nitrates can produce maxima in winter and early spring and
minima in the summer (Rodhe, 1964; Duthie, 1968). However,
erratic fluctuations of nitrate concentrations have also been
reported (Heron, 1961). Conditions of anoxia cause a
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disappearance of nitrates and increases in the reduced forms,
ammonia and nitrites (Goering and Dugdale, 1966). Nitrites
have been reported to parallel nitrates by this process
(Hutchinson, 1957). Changes in nitrates have also been
related to seasonal changes in inflowing water (Lund, et al.,
1963) .
Reports vary concerning the primary source of nitrogen
for optimum algal growth. Atmospheric nitrogen is known to
be a source for cyanophytes (Lund, 1965). Organic nitrogen
may be used by algae, although the actual extent of its
utilization is not known (Lund, 1965). Tailing (1962)
reported that algal utilization of ammonia is possible.
DeNoyelles (1967) indicated that the utilization of nitrates
required an energy source for reduction, in the absence of
which growth of algae occurred better when ammonia was used
as a nitrogen source. Prescott (1968) stated that ammonia is
the form in which nitrogen enters into algal metabolism.
Although other forms may be utilized, phytopiankters appear
to depend primarily on nitrate nitrogen as their nitrogen
source (Tailing, 1962; Lund, 1965; Prescott, 1968).
The concentration of phosphorous in the aquatic environ-
ment is determined by the basin morphology, drainage area,
organic metabolism, and loss to the sediments (Reid, 1961).
Phosphorous occurs in all minerals as orthophosphorous, the
deposits of which serve as an unlimited reserve (Hutchinson,
1957; McCarty, 1970). The relative insolubility of such
deposits restricts their availability to weathering processes
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in the catchment area (McCarty, 1970).
Phosphorous can be divided into two major groups, inor-
ganic and organic. The inorganic phosphorous includes ortho-
and polyphosphate and particulate inorganic phosphorous
(Hutchinson, 1957; McCarty, 1970). Orthophosphate is the
primary form which enters the aquatic environment and is
converted to the other forms through enzymatic processes
of the plants present (McCarty, 1970). Particulate phos-
phorous is produced through the formation of metallic complexes
(McCarty, 1970). It forms soluble complexes with iron in
anaerobic hypolimnions and with calcium when alkalinity is
high (Hutchinson, 1957). Precipitation of these complexes
can remove the phosphorous from the water column when aerobic
conditions return to the hypolimnion (Tucker, 1957; Hepner,
1958; McCarty, 1970) or when phytoplankton activity removes
the bicarbonate ion (Zicker, e_t^  aj^ . , 1956).
Inorganic phosphorous can be converted to organic phos-
phorous by the actions of aquatic plant life; however, this
conversion is reversible through the actions of bacteria
(Hayes and Phillips, 1958) and zooplankton (Edmondson, 1961;
Barlow and Bishop, 1965; Hargrave and Geen, 1968). Organic
phosphorous is present in soluble forms, being released by
decaying cells (Hayes and Anthony, 1958; Hammer, 1964;
Tailing, 1966), and in particulate forms as parts of living
and dead organisms, a portion of which becomes refractory in
the sediments (Hutchinson, 1957; McCarty, 1970).
A simple correspondence between these operationally
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defined forms may not exist (Rigler, 1964; McCarty, 1970)
and, as a result, any measurement made must take these inter-
relationships into consideration (Fogg, 1965).
Phosphorous undergoes seasonal changes in the aquatic
environment which may be more apparent in inorganic phosphor-
ous than in total phosphorous (Hayes and Anthony, 1958).
A maximum of inorganic phosphorous occurs in the colder months
(Riley, 1940; Rigler, 1964) which is attributed to reduced
biological activity (Raschke, 1970), increases in runoff
(Heron, 1961), and autumnal overturn (Hutchinson and Bowen,
1947; Tucker, 1957) by which reduced metallic complexes
are resuspended (McCarty, 1970). A decline begins in the
spring (Mackereth, 1953; Heron, 1961) which leads to a summer
minimum attributed to increases in biological activity (Riley,
1940; Hutchinson and Bowen, 1947; Mackereth, 1953). Sudden
fluctuations occur, especially in total phosphorous, and can
be attributed to allochthonous input (Heron, 1961), death and
decay of plankton (Heron, 1961; Hammer, 1964; McCarty, 1970),
and zooplankton excretion (Barlow and Bishop, 1965; Hargrave
and Geen, 1968; Prescott, 1968).
Vertical stratification of phosphorous can occur during
the summer period in the hypolimnion of eutrophic lakes where
it can pass through the reduced microzone entering solution
as ferrous phosphate (Hutchinson and Bowen, 1950; McCarty,
1970). Hayes and Anthony (1958) questioned the ability of
this phosphorous to increase total concentrations, but other
workers (Tucker, 1957; Heron, 1961; Holden, 1961) indicated
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it could play a role in increased productivity.
The concentration of phosphorous can be correlated with
phytoplankton populations (Riley, 1940; Hayes and Phillips,
1958; Fogg, 1965; Michael, 1969). In enrichment experiments,
it has been observed that increases in plankton growth
followed rapid declines of introduced phosphorous concentra-
tions (Pomeroy, et aj_ , 1963; Fogg, 1968). Although the
majority of the phosphorous lost has been attributed to uptake
by bacteria and nannoplankton (Rigler, 1956, 1961) many
phytoplankters are able to store excess phosphorous for use
in times when supplies are low and thereby account for some
of the phosphorous (Mackereth, 1953; Pomeroy, et a]^. , 1963;
Hammer, 1964).
Bacteria and zooplankters can affect the amount of phos-
phorous available for primary production. Bacteria aid in
the liberation of inorganic phosphorous from sediments and
particulate organic phosphorous (Hayes and Phillips, 1958;
Ruttner, 1963) and maintain it in the water column through
incorporation into their protoplasm (Hayes and Phillips,
1958; Lund, 1965). This can serve as a source of phosphorous
for zooplankton (Hayes and Phillips, 1958), which in turn can
serve, through excretion of inorganic phosphorous, as a
significant source of phosphorous for phytoplankton (Heron,
1961; Hargrave and Geen, 1968). In other cases, although
recognizing that phosphorous may be released by zooplankters,
investigators have reported little stimulation of phytoplankton
productivity (Edmondson, 1961; Rigler, 1961).
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Sedimentation of plankters and allochthonous input can
create reserves in the sediments which can become a signifi-
cant stimulation for production depending on the degree of
refractiveness of the sediments (McCarty, 1970).
Silica
Silica is the most abundant substance other than bicar-
bonate found in lake water. It may reach concentrations of
75 mg/1 (Hutchinson, 1957) but is usually present in amounts
less than 10 mg/1 and often below 5 mg/1 (Lund, 1965). It
occurs as undissociated acids, orthosi1icate ions, complex
silicate ions, and as sestonic mineral particles (Hutchinson,
1957).
Hutchinson (1957) suggested that in order to enter lake
water silica must do so from the sediments. There is evidence
that this occurs from epilimnetic muds at high temperatures;
it also enters anaerobic waters of clinograde oxygen lakes
due to reduced conditions (Hutchinson, 1957). As a result,
vertical distribution tends to resemble that of other sub-
stances that can be derived from the sediments and are related
to the oxidation state of the iron present at the mud-water
interface (Mortimer, 1941; Hutchinson, 1957).
Seasonally, silica undergoes fluctuations which are more
regular than those of other parameters (Heron, 1961), exhibit-
ing increases caused by allochthonous influences (Vyas and
Kumas, 1968) with maxima during winter and summer (Lund, 1950;
Heron, 1961). In most cases, fluctuations of silica --
Davis (1962) noted an exception in Cleveland Harbor of Lake
Erie -- can be closely tied to diatom fluctuations (Lund,
ejt_ al_. , 1963; Gaufin and McDonald, 1965; Hamilton, 1969)
which are considered by Hutchinson (1957) to be the single
most important mechanism by which silica is removed from
1ake waters.
The fact has been established that diatoms require
silica; Pearsall (1932) found that a factor in the disap-
pearance of spring diatoms was a decrease in silica to less
than 0.5 mg/1. Generally, the range of 4-6 mg/1 has been
accepted as the minimum for diatom growth (Lund, 1949, 1950,
1954; Hutchinson, 1957). Under bloom conditions, values may
drop further in the final stages of self-destructive growth
(Lund, 1950). Variation in species requirements occurs
(Fogg, 1965; Killiam, 1971) and the actual limiting concen-
tration can be regulated by other factors such as phosphate
concentration, temperature, and light (Lund, 1964) as well
as the relative growth rates of the individual species
(Hutchinson, 1957; Lund, 1964).
Biological Factors
Grazing and Parasitism
Grazing by zooplankton has been presented as an explana-
tion for the inverse relationship that often occurs between
phytoplankton and zooplankton populations (Anderson, 1955;
Wright, 1956; Sladecek, 1958; Imevbore, 1967). Many
19
observations reported in the literature suggest that under
some conditions grazing zooplankters can remove algae as
rapidly as they multiply (Edmonson, 1957, 1961). The net
effect of such consumption would be to at least reduce a
phytoplankton population or, secondarily, produce a larger
crop in the long run through population reduction and nutrient
release preventing the development of a dense, senescent crop
(Edmons on, 1961) .
Zooplankton may affect only a small portion of the phyto-
plankton (Pechloner, 1970). Lund (1949, 1950), for example,
suggested that grazing may have little effect upon populations
of Asteri onella. Macan (1970), however, stated that although
primarily affecting smaller phytopiankters, rotifers, especially
Asp 1anchna, can influence Asterionella populations. Pennak
(1949) and Imevbore (1967) go only so far as to state that
grazing is not a limiting factor, but instead zooplankton
correlates better with organic debris which appears to be a
primary food source. Davis (1958) and Edmonson (1957)
correlated high zooplankton to organic debris ratios with the
consumption of phytop 1ankters and resulting fecal material
produced by the zooplankters.
Most workers concur with Lund (1964) who stated that
grazing has a definite effect but the extent for different
species is not known. Cladoceran reproductive rates can be
related to phytoplankton populations, lagging behind them due
to a slower reproductive rate (Davis, 1958). The reproductive
rate of copepods has been correlated with the rate of development
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and abundance of phytoplankton in Lake Washington (Edmondson,
e_t a_K , 1962). Rotifers are reported to play an important
role in grazing (Edmondson, 1946; Amren, 1964; Lund, 1964)
but their effect may be restricted to smaller phytoplankters
(Macan, 1970; Pechloner, 1970) in the range of 10-14 microns
(Amren, 1964).
Although possibly having little effect on overall seasonal
periodicity (Lund, 1964), parasitism may contribute to the
high phytoplankton diversity associated with summer periods
(Lund, 1965). Parasitism can affect the size of a population
(Lund, 1965) and, in the case of chytridiaceous fungi, it
can lead to the replacement of the host by a different organ-
ism (Hutchinson, 1967). This does occur in the case of
As terionella populations (Lund, 1950).
Competit i on
Competition among phytoplankters is one factor that
determines seasonal succession (Lund, 1965; Hutchinson, 1967).
In the spring, an outburst of the fastest growing form present
at the time of increasing radiation often results in its dom-
ination of the community (Tailing, 1962). During the summer
period of low nutrient availability, competition among the
many organisms present may be a cause of the high diversity
noted for this period (Hutchinson, 1967). However, in the
aquatic environment the overshadowing effect of seasonal
changes in the physical environment can prevent equilibration
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and offset any influence of competition among species
(Hutchinson, 1967) .
Inhibition
Many algae are reported to liberate extracellular sub-
stances which can affect other algae (Lund, 1965; Hutchinson,
1967). Duthie (1968) reported the liberation of an auto-
inhibitor by Asterionella, but Tailing (1957) could find no
evidence of the liberation of any inhibitory substance by
Asterionella grown in culture. Lund (1964) reported the
apparent inhibitory effect of Osci1latoria agardhii on
As terionella populations. These substances must apparently
be derived from very dense populations in order to be effective
(Hutchinson, 1967). They appear to be effective in regulating
specific composition but seem to have greater influence under
cultural, rather than natural, conditions (Hutchinson, 1967).
DESCRIPTION OF THE STUDY AREA
Barren Lake is an integral unit of the system of flood
control reservoirs authorized by the Flood Control Act of
1938. Construction of the reservoir was initiated in March,
1960, and completed in September, 1964. The reservoir is
located twenty-five miles southwest of Bowling Green, Kentucky,
in Allen, Barren, and Monroe Counties. The area has been
designated by Carter (1969) as being part of the Eastern
Pennyroyal physiographic region which is characterized by
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hilly and karstic topography. The underlying formations of
the area are composed largely of limestone, shale, and silt-
stones .
The primary function of the reservoir is to serve as a
flood control system for the Green and Barren Rivers drainage
areas. The reservoir is maintained at minimum pool in the
winter and at seasonal pool during the summer except when
water is stored for flood control.
The dam is of rolled earth fill construction and has an
elevation of 186 m msl. It is equipped with a multi-level
outlet of a reinforced concrete conduit which has a total
discharge capacity of 13,100 cfs. Discharge ports at 161 m
msl have a capacity of 500 cfs. Other discharge ports at
155 and 145 m msl account for the remainder of the discharge
capacity. The discharge regime during the study was regulated
to maintain a summer pool elevation of 171 m msl from April
through September. Pool elevations were maintained during
this period by regulating discharge from the upper 3 m of the
main pool through the use of a conical extension, with its
aperture positioned upward, attached to the port at the 161 m
msl level. After September 30, rapid drawdown involving the
use of the other ports was initiated to achieve a winter pool
elevation of 161 m msl by December. Winter pool was maintained
at this level until the following April. Thus, the level of
the main pool varied 15 to 25 m annually due to the discharge
regime employed.
The size of the reservoir varies seasonally from a winter
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pool capacity of 46000 acre feet (area of 3400 acres; backwater
of 19 miles in the channel; and maximum main pool depth of
20 meters) to a seasonal pool of 209800 acre feet (area of
10000 acres; backwater of 46 miles; and maximum main pool
depth of 25 meters). The study was conducted in the main
pool of the reservoir with samples being collected approxi-
mately 200 m upstream from the dam.
METHODS AND MATERIALS
Plankton samples were collected between 0900 and 1230
hours on each sampling date from February 27, 1970 - January,
1971. Samples were collected every two weeks from April
through October and every three weeks during the winter months.
A Birge-Juday sampler equipped with a No. 20 net (173
meshes per inch) was used to collect paired, 10 liter samples
at the surface (0), 1.0, 2.0, 3.0, 4.5, 6.0, 7.5, and 12.0 m
depths. Qualitative vertical plankton tows were made as a
check on the possible occurrence of plankton population centers
not encountered at the selected sampling depths. Tailwater
samples were collected during February with a Miller high
speed sampler (Miller, 1961). After February, these samples
were collected using the Birge-Juday plankton trap except
during periods of high discharge. During these periods, tail-
water samples were collected by use of the pump on an automatic
plankton sampler (Swanson, 1965) located in the tailwater area.
A sample volume of 114 was filtered through the net and bucket
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of the Birge-Juday sampler. This sample was immediately pre-
served in a 10% formalin solution. Of the main pool samples,
one of each of the paired samples was preserved in the field
while the other was placed in an ice chest for transportation
to the laboratory. Upon return to the laboratory, all samples
were refrigerated until analysis.
Plankton samples were quantitatively analyzed using a
Wild M40 inverted microscope. Prior to enumeration, samples
were adjusted to a volume of 50 ml. With the use of a Sedgewick-
Rafter counting cell, two 1 ml subsamples were analyzed from
each Birge-Juday sample. Unpreserved samples were analyzed
first followed by preservation in 10% formalin. This was done
to minimize the deformative affects of formalin upon the
more delicate algal forms. These samples were analyzed within
48 hours, after which the field preserved samples were analyzed.
Field preservation allowed a check for any losses that may
have occurred in the unpreserved samples.
Phytoplankters were counted at 250X by the strip count
method described by Welch (1948). The phytoplankters in four
strips in each subsample were counted. Since there were no
significant differences between the paired samples, the average
number in the four subsamples was used to compute the number
of phytoplankters per liter for that depth. Averages for
the water column were computed from the 32 subsamples. All
major plankters were identified to species using suitable keys.
Minor forms were identified to genus only. As counting pro-
cedures were designed to detect population densities above
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100 cells/1, an arbitrary number of 500 cells/1 was selected
as a separation point for reporting data on specific taxa.
Only those taxa with mean populations in excess of 500 cells/1
are reported in detail; those below this point are reported
only as time of maximum occurrence. All colonies and filaments
were counted as one "cell"; all diatoms and diatom "filaments"
were counted on a cellular basis.
Zooplankters were counted at 50X but were not systemati-
cally identified. All zooplankters in one subsample from each
of the paired samples were enumerated.
Only one tailwater sample was analyzed for each collection
date.
Transparency was determined by a Secchi disc on each
sampling date. The acquisition of a submersible photometer in
May allowed supplementary light readings. These readings were
made from the surface to extinction at the levels selected
for plankton samples.
Water samples for chemical and physical analysis were
collected using a one-liter Kemmerer bottle. Samples were
collected for the determination of dissolved oxygen, dissolved
solids, and temperature at all sampling depths. Samples for
the analysis of pH, alkalinity, turbidity, nitrate, nitrite,
silica, and phosphorous were collected at the surface (0), 1.0,
3.0, 6.0, and 12.0 m depths. Dissolved oxygen and temperature
were measured initially in the field with a Yellow Spring
Instruments (YSI) 51A oxygen meter and probe. After April,
dissolved oxygen was determined in the field with a DR-EL Hach
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kit. Temperature was determined with a mercury Celsium
thermometer after discontinuing the use of the YSI probe.
Dissolved solids were measured in the field using a Myron-L
meter. Upon return to the laboratory, the remaining para-
meters were determined within ten hours. Nitrate and nitrite
determinations were made with the DR-EL Hach kit. Turbidity,
silica, and phosphorous were determined with a Bausch & Lomb
Spectronic 20 colorimeter using Hach chemicals and procedures
(Anonymous, 1969). Hydrogen ion concentrations were measured
with a Sargent-Welch pH meter (Model PBL). Alkalinity was
determined with the pH meter following procedures outlined
in Standard Methods (Anonymous, 1965).
RESULTS
Light
Seasonally, surface light reached a maximum, 98000 lux,
during late July and early August (Fig. 1; App. 1). With the
exception of a peak of 63000 lux on May 22, surface light
increased from 18000 lux in June to the August maximum of
98000 lux and then declined to a low of 3600 lux on November 14.
In December, a sharp increase occurred to a maximum of 29000
lux.
Vertical penetration of light increased with increasing
surface light, but reached maximum penetration prior to the
seasonal maximum of surface light (Fig. 1; App. 1). Maximum
depth of penetration occurred on August 1; however, penetration
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Figure 1. Surface light values in lux (1 x 103) and
depth of light penetration at Barren Lake, main pool,
March, 1970 - January, 1971.
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of maximal light intensity occurred on July 4 with a value of
155 lux at 16 m. Values of 30 and 45 lux occurred at 16 m
on June 20 and July 18. Increasing penetration occurred from
May 22, with 108 lux at 12 m, to the August 1 maximum, and
then declined to a low of 25 lux at 2 m on December 29. Slight
increases occurred on January 16, 1971.
Degree of penetration as measured by the Secchi disc
paralleled that measured by the photometer (Fig. 2). Maxi-
mum Secchi readings preceded maximum light penetration by
about two weeks, occurring on June 5 with a reading of 7.3 m.
Values of less than 1 m occurred in January, February, early
April, November and December, 1970, and January, 1971. The
extent of the euphotic zone, defined as the level of 1%
penetration of surface light, paralleled the Secchi reading
by a regression slope factor of 2.34 but with a high degree
of scatter.
The maximum depth of the euphotic zone was 12.5 m on
June 20. It remained below 10 m from June 5 through July 18.
Temperature
Barren Lake was homothermic from February 7 through
April 11 (Fig. 3). During this period, gradual warming pre-
vailed increasing the mean temperature from 3.9 C on February 7
to 11.5 C on April 11 (App. 2). By April 25, warming of the
upper layers had begun to increase at a greater rate with
temperatures of 16.0 C at 0-3 m compared to 13.5 C at 12 m.
A thermocline was established between 6.0-7.5 m by May 8.
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Figure 2. Secchi disk readings and lower limits of
euphotic zone of Barren Lake, January, 1970 -
January, 1971.
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Figure 3. Temperature profiles of Barren Lake, main
pool, February, 1970 - January, 1971. (i , /2 = 10°C;
Range: 3.2 - 30.0 °C).
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During l a t e May and June, the thermocline was p o s i t i o n a l l y
e r r a t i c , being loca ted between 3-6 m, 6-12 m, and 6-9 m on
May 22, June 5, and June 20, as i t sank from the i n i t i a l
levels of May to the more s t a b l e l eve l s of l a t e June.
Maximum s t r a t i f i c a t i o n of the lake occurred a f t e r June 20,
when the hypolimnion p e r s i s t e d below the 6 m depth for the
majority of the summer. During the per iod of s t r a t i f i c a t i o n ,
mean temperatures inc reased from 19.8 C on May 8 to a high of
26.3 C on August 15.
Fal l mixing was completed by October 24, when seasonal
cooling lowered mean temperatures to 19.0 C. At t h i s time,
the lake became homothermic; continued cooling lowered mean
temperatures to a seasonal low of 4.7 C recorded on January 16,
1971.
Turb id i ty
Turbidity exhibited major peaks in late February and
December reaching values of 124 and 84 Jackson Units, respec-
tively. Values for the summer were low, ranging from 9-15
Jackson Units from June through September (Fig. 4; App. 3).
Vertically, turbidity was essentially uniform from
February through March. In April, increases in turbidity
with depth were noted, especially at 12 m. On May 22, a
large increase to 68 Jackson Units, compared to a mean of 14
Jackson Units for the upper 6 m, was noted at the 12 m level.
During the summer and fall, higher values were always associated
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Figure 4. Turbidity values at surface and 12 m,
Barren Lake, main pool, February, 1970 - January,
1971.
Turbidity, Jackson Units
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with the 12 m level. These values ranged from 8-19 Jackson
Units higher than surface values. Inverse stratification
occurred on December 29 with surface values dropping from
88 Jackson Units to 51 Jackson Units at 12 m. Reversal had
occurred by January 16, 1971, with a surface value of 59
Jackson Units and a 12 m value of 71 Jackson Units.
Total Alkalinity
Barren Lake exhibited very little vertical variation in
alkalinity values (App. 4). Thus, alkalinity data are pre-
sented as means of all depths sampled each sampling date
(Fig. 5). Two maxima were observed -- a large one in the
spring and early summer and a lesser one in the winter.
Following mean lows of 32-44 mg/1 in February, alkalinity
increased dramatically to spring values of 120-129 mg/1,
persisting through early June. On June 20, values dropped
to a summer low of 70 mg/1. In July, alkalinity values
increased to 77 mg/1, then rose to 80-85 mg/1 in August where
they remained until November. On November 14, a further rise
to 91 mg/1 occurred prior to the winter maximum of 104 mg/1,
obtained in December. By January 16, 1971, alkalinity had
dropped to 18 mg/1.
Nitrites
Nitrites were polyacmic during the year. Maximum mean
values of 0.014, 0.008, 0.009, 0-012, and 0.005 mg/1 occurred
34
Figure 5. Total alkalinity, mean values, of Barren
Lake, main pool, February, 1970 - January, 1971.
Figure 6. Nitrite concentrations, mean values,
of Barren Lake, main pool, February, 1970 -
January, 19 71.
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on May 8, July 4, August 15. September 26, and during the
month of December, respectively (App. 5). Minimum mean
values of 0.004, 0.006, 0.005, 0.008, and 0.001 mg/1 separ-
ating the maxima occurred on February 27, June 5, August 1,
August 29, and October 24, respectively.
Values for nitrites were generally high in the spring
and early fall with erratic peaks during the summer (Fig. 6).
Sharp decreases in late fall, early spring, and late winter
separated the main maxima from lower winter values.
Nitrates
Nitrate determinations were not initiated until May 8,
1970. The values obtained are questionable, in an absolute
sense, due to difficulty encountered in standardizing the
determinative procedure. However, in a relative sense, the
seasonal mean maxima and minima closely paralleled those of
the nitrite concentrations (App. 6). Maximum mean values
occurred on May 22, June 20, August 15, October 12, and
December 6. Minimum mean values occurred on May 8, June 5,
July 18, August 29, and October 24.
Phosphates
Total phosphates exhibited considerable fluctuation
during the year. Highs of 0.678-0.888 mg/1 occurred on May 8,
August 1, September 26, and December 6 (Fig. 8). Lows of
0.198-0.486 mg/1 occurred on February 7, April 11, August 15,
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Figure 7. Dissolved oxygen concentrations, mean
values, of Barren Lake, main pool, February, 1970
January, 19 71.
Figure 8. Total phosphate, mean values, of Barren
Lake, main pool, February, 1970 - January, 1971.
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Distolved oxygen, mg/ l i ter
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and October 24. A relative low of 0.567 mg/1 occurred on
June 20 separating the May 8 and August 1 peaks. Due to con-
tinued difficulty in standardizing the technique used in
determining phosphate concentrations, the absolute nature of
the values obtained is questionable. However, in a relative
sense seasonal variations in phosphate concentrations in
Barren Lake were similar to those for other temperate lakes.
Dissolved Oxygen
Seasonally, dissolved oxygen concentrations were higher
in the winter months (Fig. 7). Mean values decreased from
10.9 mg/1 in February to a low of 4.3 mg/1 on September 26,
subsequently rising to 11.1 mg/1 on January 16, 1971 (App. 8).
Per cent saturation varied seasonally with lows of 59-
69% in August and September, January, and February (App. 9).
In the spring, values increased to a yearly maximum of 103-
113% in April and May.
Vertically, relatively uniform values occurred in
February, ranging between 10.6 and 11.2 mg/1 (Fig. 9). Ver-
tical distributions of highs and lows in March and early April
were highly erratic with a tendency for decline in concentra-
tions to occur in the lower depths. Subsequent to May 8,
uniform declines in concentration occurred with depth. Hypo-
limnetic oxygen deficiency began to appear with the occurrence
of lows of 4.0 and 2.0 mg/1 at 12 m versus surface values of
10.0 and 9.0 mg/1 on the sampling dates of July 4 and July 18.
On September 26, values of less than 1.0 mg/1 occurred below
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Figure 9. Dissolved oxygen profiles of Barren Lake,
main pool, February, 1970 - January, 1971. ( i 1 /2
10 mg/1; Range: 0.2 - 12.0 mg/1).
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6 m. By October 12, the 12 m value had increased from 0.2 mg/1,
recorded on September 26, to 3.0 mg/1. With the exception of
a value of 7.0 mg/1 at the surface, readings taken on October 24
were vertically uniform at 6.0 mg/1. Dissolved oxygen values
gradually increased, with very little vertical variation, to
a high of 11.5 mg/1 on January 16, 1971.
Vertically, per cent saturation paralleled concentrations
with essentially uniform values in winter months and decreasing
values in the hypolimnion, reaching 2% at maximum decline.
Saturations above 100% occurred from June to August 1 in the
upper 6 m. With few exceptions, uniform values were obtained
by October 24.
pH
The pH of Barren Lake exhibited very little seasonal
variation in mean values, ranging from 7.68 to 8.20 (Fig. 12;
App. 10). Generally, mean values were below 8.0 from February
through May and December through January. Values were generally
above 8.0 from June through November.
Vertically, pH values were essentially uniform during
fall and winter. During spring and summer, pH tended to
decrease with increasing depth.
Silica
Silica (as SiO-) exhibited winter and spring maxima (Fig.
11; App. 11). From a value of 5.09 mg/1 on February 7, values
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declined to a low of 2.24 mg/1 on March 21. During April,
values increased sharply, reaching a maximum of 5.27 mg/1
on May 8 from which they declined to a plateau of 3.73-
3.83 mg/1 during June. During July and August, values
declined gradually to a low of 1.83 mg/1 on September 12.
Silica then began to increase, reaching a winter high of
5.50 mg/1 on December 29. By January 16, 1971, a decline to
5.98 mg/1 had occurred.
Vertically, few trends were associated with the winter
and spring. December, January, February, March, and April
exhibited highs and lows with up to 80% variation among
depths but without any pattern.
Dissolved Solids
Dissolved solids were generally high in the early winter
and spring with lows occurring during the late spring, summer,
and fall (Fig. 10; App. 12). A maximum mean of 158 mg/1 on
February 7 was separated from the reading of 147 mg/1 on
March 21 by a low of 110 mg/1 on February 27. Dissolved solids
declined following the February high to a low of 112-116 mg/1
for the month of May. Values then increased gradually to
small peaks of 131 and 135 mg/1 on July 4 and August 1. Sub-
sequently, values dropped to a seasonal low of 110 mg/1 on
August 15. Values then increased to a fall plateau of 129-
132 mg/1 during September and October with a sharp rise to
the winter maximum of 189 mg/1 obtained in December. By
January 16, 1971, dissolved solids had declined to 146 mg/1.
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Figure 10. Dissolved solids, mean values, of Barren
Lake, main pool, February, 1970 - January, 1971.
Figure 11. Silicon concentrations, mean values,
of Barren Lake, main pool, February, 1970 -
January, 1971.
Figure 12. Mean pH values of Barren Lake, main
pool, February, 1970 - January, 1971.
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Dissolved solids exhibited very little vertical variation
during the year with mean values representative within 5% at
all depths.
Phytoplankton
Total Phytoplankton
Total phytoplankton in Barren Lake fluctuated seasonally
producing three maxima and one minimum (Fig. 13; App. 13).
Phytoplankton declined from February 7 to a low of 2340 cells/1
on February 27; increases then occurred to the spring maximum
of 8293 cells/1 on March 21. Following the spring maximum,
there was a decline to the minimum of 377 cells/1 on May 22.
During June and July, phytoplankton increased to 5114 cells/1
on July 18. After a slight decline, the population increased
dramatically to the summer maximum of 149867 cells/1 obtained
on August 29. A decrease occurred to the fall low of 3420
cells/1 on October 12. By October 24, the population had
begun to increase culminating in the winter maximum of 78716
cells/1 obtained on December 6. By January 16, total phyto-
plankton had declined to 7938 cells/1.
Vertical distribution of phytoplankton in the water column
was quite erratic during the year (Fig. 14). Cell distribution
was rather uniform in February, but with larger numbers (5000-
5475 cells/1) at 12 m than at the surface (2237-2581 cells/1).
At the lower depths, phytoplankters were more erratically
distributed on February 7 than on February 27, which exhibited
4 3
Figure 13. Total phytoplankton, zooplankton, and
diatoms of Barren Lake, main pool, February, 1970
January, 1971.
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Figure 14. Vertical distribution profiles of total
phytoplankton of Barren Lake, main pool, February,
1970 - January, 1971. (Figures are derived from
the fourth root of the No./liter at each depth).
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a gradual decline to 7.5 m before expanding to a maximum at
the 12 m level. Vertical distribution on March 21 was quite
erratic with counts ranging between 5700 and 9700 cells/1.
Vertical variations were even more marked on April 11 with
highs of 9000-9550 cells/1 at 0, 4.5, and 7.5 m compared to
lows of 2388 and 4900 cells/1 at 6 and 3 m, respectively.
On April 25 a greater concentration of cells -- 4500-5425/1 --
occurred at 0-1 and 3-6 m with lows of 3900 and 3575-2675
cells/1 at 2 m and at 6-12 m, respectively. On May 8, the
maximum density of 5205 cells/1 occurred at 7.5 m with 950
cells/1 at 0 and 1410 cells/1 at 12 m. On May 22, numbers
were greater at 4.5 m, 612 cells/1, with lows of 400 cells/1
and 200 cells/1 at 0 and 12 m, respectively. On June 5,
higher densities of 2825 cells/1 and 3675 cells/1 were assoc-
iated with the 0-1 and 3-6 m depths, respectively. By June 20,
vertical counts fluctuated considerably, but increased with
depth with 10375 cells/1 at 12 m and 1112 cells/1 at 0. On
July 4, phytoplankters were concentrated (9887 cells/1) at
4.5 m with 2512 and 6590 cells/1 at 0 and 12 m, respectively.
On July 18, the phytoplankters were concentrated at 7.5 and
12 m with densities of 12525 and 17537 cells/1, respectively,
versus 900-5100 cells/1 between 0 and 6 m. On August 15,
numbers ranging between 11050 and 17537 cells/1 were found
between 3 and 7.5 m with 3575-8575 cells/1 at other depths.
By August 29, the population densities ranged from 131812-
210775 cells/1 between 1 and 7.5 m with densities of 67400
and 47925 cells/1 at 0 and 12 m, respectively. On September 12,
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the maximum of 115200 cells/1 occurred at 7.5 m with inter-
mediate values of 69379 to 78425 cells/1 at 1, 2, and 6 m
separated by values of 57925-47925 cells/1 at 0, 3, and 12 m.
On September 26, a surface concentration of 7627 cells/1 de-
clined erratically to 2650 cells/1 at 6 m, then increased at
7.5 m to 8925 cells/1 before declining to 1562 cells/1 at 12 m.
On October 12, highs of 5462-5650 cells/1 occurred at 1 and
7.5 m. The phytopiankton was essentially evenly distributed
on October 24 and November 14. On December 6, 122675 cells/1
occurred at 1 m with other levels ranging between 79650 and
61662 cells/1. On December 29, numbers increased from 35637
cells/1 at the surface to 81625 cells/1 at 4.5 m, then de-
clined to 73650-74225 cells/1 at 6 and 7.5 m, respectively,
before increasing to 87962 cells/1 at 12 m. Vertical distri-
bution on January 16, 1971, was erratic with values between
9925 and 6225 cells/1 and a tendency for slight concentration
to occur at 0, 6, and 12 m.
Tailwater samples varied quantitatively in respect to
the main pool populations. Analysis of the data gave a
correlation coefficient (r) of 0.92 and a t_ value of 9.2649**.
Seasonally, tailwater populations paralleled those of the
main pool (Fig. 15). From February through April, values
averaged considerably below main pool counts. From May
through August 1, values paralleled those of the main pool
rather closely. On August 15, a decided inverse correlation
occurred as tailwater populations decreased while those of
the main pool increased. By August 29, this situation reversed
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Figure 15. Total phytoplankton of the main pool and
tailwater of Barren Lake, February, 1970 - January,
1971.
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and the two p o p u l a t i o n s p a r a l l e l e d each o ther for the remainder
of the year with t a i l w a t e r samples averaging much lower numbers,
e spec ia l ly dur ing the minima.
The phy top lank ton community was dominated by r ep re sen t a -
t ives of the B a c i l l a r i o p h y c e a e (Fig . 13) . The diatoms at
t he i r lowest p o i n t on May 22 made up 24.8% of the t o t a l popu-
la t ion but averaged 80.4% for the year (App. 14) reaching
maxima of 92-98% on Apr i l 11 , May 8, August 29, September 12,
and November through January 16, 1971.
A t o t a l of 67 s p e c i e s of a lgae were i d e n t i f i e d as com-
ponents of the phytop lankton community of Barren Lake.
Dominant P h y t o p i a n k t e r s
A s t e r i o n e l l a formosa was t r i a c m i c during the year producing
three popu la t i ons (F ig . 16; App. 15) . During the per iod from
February through May, i t f l u c t u a t e d between means of 9 and
66 c e l l s / 1 . Lows of 9 and 16 c e l l s / 1 occurred on February 7
and March 21 . On May 8, the sp r i ng maximum of 144 c e l l s / 1
occurred, followed by i t s d i sappearance from the q u a n t i t a t i v e
samples on May 22. A. formosa was p r e s e n t , however, in the
q u a l i t a t i v e samples a t t h i s t ime . During the s p r i n g , t h i s
taxon was randomly d i s t r i b u t e d in the water column; maximum
concen t r a t i ons , however, occur red at 6 m on May 8 (Fig . 17) .
On June 5, A. formosa reappeared at 6 m. I t inc reased
to a mean of 2380 c e l l s / 1 by Ju ly 18. At t h i s time the maxi-
mum concen t r a t i on of c e l l s (12775/1) occurred at 7.5 m. By
August 15, A. formosa had d e c l i n e d to a mean of 119 c e l l s / 1
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Figure 16. Seasonal occurrence of selected phyto-
plankters of Barren Lake, main pool, February, 1970 •
January, 1971. (Figures are derived from the fourth
root of the mean No./liter).
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Figure 17. Vertical distribution profiles of
Asterionella formosa of Barren Lake, main pool,
February, 1970 - January, 1971. (Figures are
derived from the fourth root of the No./liter at
each depth).
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in the 6-12 m levels. With the exception of 50 and 150 cells/1
near the surface on July 18 and August 1, no cells occurred
above 4.5 m during the seasonal maximum.
A. formosa was absent from August 29 to October 12. On
October 24, it reappeared near the surface and increased in
the upper layers to produce a maximum of 316 cells/1 on Decem-
ber 29 with the cells distributed throughout the water column
but concentrated at 7.5-12 and 3 m. On January 16, the popu-
lation declined to 24 cells/1 and was restricted to the upper
layers.
A., formosa was present in the tailwater samples on July 18
and August 1 at densities of 250-500 cells/1. During the
winter, it was present sporadically at densities up to 200
cells/1.
Ceratium hirundinella first appeared on April 25 and
increased in numbers to a maximum mean of 870 cells/1 on
June 5 (Fig. 16; App. 16). A decline to 269 cells/1 occurred
on June 20, preceding an increase to 436 cells/1 on July 4.
Numbers dropped to 19 cells/1 on July 18, then to 9 cells/1
on August 29. Counts increased to a fall maximum of 108 cells/1
on October 24 with disappearance by December 6. At its maxima,
C. hirundinella was concentrated in the upper levels (Fig. 18).
C_. hirundinella was not present consistently again until
the fall pulse when counts of 20-100 cells/1 occurred from
October 12 to November 4.
C. hirundinella was present in the tailwater samples for
the first time at 900 cells/1 on June 5. Samples were not
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Figure 18. Vertical distribution profiles of
Ceratium hirundinella of Barren Lake, main pool,
February, 1970 - January, 1971. (Figures are
derived from the fourth root of the No./liter at
each depth).
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avai lable for May and April 11 during the r i s e of the spring
pulse. In June, numbers in the t a i l w a t e r ranged between 100
and 125 c e l l s / 1 . This taxon was not present in t a i l w a t e r
samples again u n t i l the f a l l pulse when counts of 20-100
c e l l s / 1 occurred from October 12 to November 4.
Cryptomonas sp . produced a maximum mean of 568 c e l l s / 1
on February 7 (Fig . 16; App. 17) with the maximum population
density of 975 c e l l s / 1 at the 1 m l e v e l . Cryptomonas was
present e r r a t i c a l l y during the spr ing and more cons i s t en t ly
during August and ea r ly September when means of 34-63 c e l l s / 1
occurred.
Cyc lo te l l a spp. were pe renn i a l l y present (Fig. 16; App.
18) and produced a maximum mean of 3400 c e l l s / 1 on July 4.
Minimum means of 50 and 69 c e l l s / 1 occurred on May 22 and
January 16, 1971, r e s p e c t i v e l y .
Cyc lo te l l a spp. were presen t in the t a i l w a t e r samples on
all dates except February 7, 1970.
Dinobryon s e r t u l a r i a was t r i acmic during the year pro-
ducing peak popu la t ions during l a t e f a l l , summer, and winter
(Fig. 16; App. 19) . Populat ions decl ined from a winter maximum
mean of 350 c o l o n i e s / 1 on February to 12 co lon ies /1 on May 8.
]). s e r t u l a r i a had disappeared by May 22 and did not reappear
in the q u a n t i t a t i v e samples u n t i l July 4; however, i t was
present in the q u a l i t a t i v e samples u n t i l June 20. Maxima of
403 and 494 c o l o n i e s / 1 occurred on July 18 and August 1, r e s -
pec t ive ly . During August and September, numbers decl ined to
a low of 3 c o l o n i e s / 1 on October 12. D. s e r t u l a r i a had
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disappeared from the samples by October 24, but reappeared by
November 14, and subsequen t ly produced the winter maximum of
250 c o l o n i e s / 1 on December 29. This phy top lank te r was not
present in the samples of January 16, 1971.
V e r t i c a l l y , £ . s e r t u l a r i a was d i spe r sed throughout the
water column on February 7 and was s p o r a d i c a l l y d i spersed
from l a t e February t o May 8 (F ig . 19) . The summer popula t ion
was c o n c e n t r a t e d between 4.5 and 7.5 m during August but
moved upward in September dur ing i t s d e c l i n e . Colonies of
the December maximum were d i s t r i b u t e d throughout the water
column.
£ . s e r t u l a r i a was p r e s e n t in t a i l w a t e r samples on July 4
(25 c o l o n i e s / 1 ) and dur ing December at d e n s i t i e s of 61-150
co lon ie s /1 .
F r a g i l a r i a c r o t o n e n s i s was p r e s e n t b r i e f l y during l a t e
winter (F ig . 16; App . 20 ) . On August 1, i t reappeared and
increased d r a m a t i c a l l y from a mean of 78 c e l l s / 1 to 5763 c e l l s / 1
on August 15, r e a c h i n g a maximum mean of 145371 c e l l s / 1 on
August 29. Fol lowing the maximum, F_. c r o t o n e n s i s dec l ined
sharply to 775 c e l l s / 1 on October 24. I t rose s l i g h t l y on
November 14 b e f o r e d i s a p p e a r i n g from the q u a n t i t a t i v e samples
on December 29. A count of 162 c e l l s / 1 was obta ined on
January 16, 1971.
V e r t i c a l l y , p o p u l a t i o n maxima occurred at 4.5 m on
August 15 (153000 c e l l s / 1 ) and at 7.5 m on August 20 (259525
c e l l s / 1 ) and September 12 (112375 c e l l s / 1 ) . On September 26
and October 12, g r e a t e r c o n c e n t r a t i o n s occurred a t the su r face
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Figure 19. Vertical distribution profiles of
Dinobryon sertularia of Barren Lake, main pool,
February, 1970 - January, 1971. (Figures are
derived from the fourth root of the No./liter at
each depth).
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and at 1 m while on October 24 and November 14, greater con-
centrations occurred at 12 m (Fig. 20). The population density
increased and decreased uniformly between 0 and 12 m; the
maximum, except when located at extremes in the water column,
occurred between 6 and 7.5 m.
In the tailwater samples, F_. crotonensis approximated
densities occurring in the main pool at 0-3 m on August 29,
September 26, and December 6. During August and on Septem-
ber 12 and October 12, tailwater values were not representative
of the main pool population of this taxon.
Mailomonas caudata was triacmic during the year producing
three population maxima (Fig. 16; App. 21). From February 7,
numbers increased to a maximum mean of encysted forms on
May 21 of 1250 cells/1. Cells were unevenly distributed in
the water column with major population densities at the sur-
face and between 4.5 and 7.5 m. M. caudata disappeared from
the samples on May 8. On July 4, it reappeared in the vege-
tative state and reached a mean high of 78 cells/1 on July 18.
During the summer period, it rose from maximal population
densities of 125 cells/1 at 7.5 m on July 4 and 225 cells/1
at 12 m on July 18 to 100-175 cells/1 at 3-6 m on August 1.
On August 15, main population densities were at 1 and 7.5 m.
On August 29, M. caudata declined to a mean low of 6 cells/1.
M. caudata declined from 84 cells/1 to 9 cells/1 through
September and early October. On October 24, a full pulse was
initiated reaching a maximum mean of 287 cells/1 on November 14.
During the fall pulse, cells were concentrated above 7.5 m on
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Figure 20. Vertical distribution profiles of
Fragilaria crotonensis of Barren Lake, main pool,
February, 1970 - January, 1971. (Figures are
derived from the fourth root of the No./liter at
each depth) .
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October 24, November 14, and December 6. Highs of 412 and 325
cells/1 occurred at the surface on November 14 and December 6,
respectively. The cells counted after December 6 were of the
encysted form. December 29 marked a decline to 16 cells/1
which was followed by an increase to 43 cells/1 on January 16,
1971. These were erratically distributed, but greatest numbers
did occur at 7.5 m.
Tailwater samples were indicative of main pool populations
of M. caudata on four sampling dates: July 4, October 12,
December 6, and December 29. On March 21, February 7, and
November 14, it was present in tailwater samples but not in-
dicative of the main pool population densities.
Melosira granulata produced three maxima during the period
February 7, 1970, to January 16, 1971 (Fig. 21; App. 22). It
increased from February lows of 38-43 cells/1 to a spring maxi-
mum of 1144 cells/1 on April 11. By May 22, M. granulata had
disappeared from the quantitative samples. During the March
pulse, major population densities of 1825-1950 cells/1 occurred
at 3 and 12 m with lows of 525-850 cells/1 at 0, 1, and 6 m
(Fig. 22). On April 11, maximum concentrations of 1850-1900
cells/1 occurred at 0 and 7.5 m with lows of 50-800 cells/1
at 4.5-6.0 m. On April 25, a maximum of 1750 cells/1 occurred
at 3 m and lows of 225-525 cells/1 at 1 and 7.5 m. May 8
marked the last date this phytoplankter was present in the
quantitative samples with maximal concentration at 7.5 m and
with no cells occurring above 3 or below 12 m.
During late spring and summer, M. granulata fluctuated
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Figure 21. Seasonal interaction of Melosira italica
and Melosira granulata of Barren Lake, main pool,
with water temperature, February, 1970 - January,
1971.
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Figure 22. Vertical distribution profiles of Melosira
granulata of Barren Lake, main pool, February, 1970 •
January, 1971. (Figures are derived from the fourth
root of the No./liter at each depth).
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between 350 cells/1 on June 5 and 622 cells/1 on July 18
before declining to 181 cells/1 on September 12. Major popu-
lation densities, with the exception of scattered occurrences
in July and August, occurred below the 3 m level during the
summer.
Following a disappearance from the quantitative samples
on September 26, M. granulata reappeared on October 12, giving
rise to a winter maximum of 50938 cells/1 on November 14.
During December, counts plateaued at 47062-48013 cells/1 be-
fore declining to 4700 cells/1 by January 16, 1971.
Vertically, maximum population densities occurred at
7.5, 1.0, 3.0, 1.0, 12.0, and 6.0 m on October 12 and 24,
November 14, December 6 and 29, and January 16, 1971, respec-
tive ly.
During the spring and fall, M. granulata was present in
tailwater samples at levels representative of the main pool
populations.
Melosira granulata var- angustissima occurred sporadically
during the spring (App. 23). In late fall and early winter it
produced an abrupt pulse of 5369-7578 cells/1 from November 14
to December 29. On January 16, 1971, numbers declined to
600 cells/1. Vertically, maximum population densities occur-
red at 12, 1, 12, and 0 m on November 14, December 6 and 29,
and January 16, 1971, respectively.
Melosira italica produced two major maxima during the
/ear (Fig. 21; App. 24). A spring pulse occurred in March and
April reaching 5350 cells/1 on April 11. In late April and
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Figure 23. Vertical distribution profiles of Melosira
italica of Barren Lake, main pool, February, 1970 -
January, 1971. (Figures are derived from the fourth
root of the No./liter at each depth).
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May, counts dec l ined to a low of 56 c e l l s / 1 . During June,
increases occurred reaching 328 c e l l s / 1 on July 18. By
August 29, M. i t a l i c a had disappeared from the q u a n t i t a t i v e
samples. In September, i t reappeared culminating in the l a t e
fal l maximum mean of 20253 c e l l s / 1 .
V e r t i c a l l y , major popula t ion d e n s i t i e s occurred at 12 m
during February (Fig . 23) . During March and Apr i l , major
population d e n s i t i e s occurred at 0, 3.0, and 7.5 m. From
May through August, popula t ion centers were located deeper in
the water column; by August 15, M. i t a l i c a was found only
below 3 m. By August 29, i t had disappeared completely from
the samples. I t reappeared in September and from October 24
through January 16, 1971, i t was d i s t r i b u t e d throughout the
water column.
In the t a i l w a t e r samples, counts c h a r a c t e r i s t i c of main
pool popula t ions of M. i t a l i c a occurred on March 21, June 20,
August 15, September 26, and October 24.
Pediastrum duplex occurred p r imar i ly during the summer
(Fig. 16; App. 25) appearing on July 18 with a mean of 47
colonies /1 and i n c r e a s i n g to a maximum of 475 co lon ies /1 by
August 1. I t subsequent ly decl ined to 65-66 co lon ies /1 on
August 29 and September 12. From September 26 to January 16,
1971, P_. duplex f l u c t u a t e d between 3 and 18 c o l o n i e s / 1 .
Colonies of P_. duplex were p resen t in the t a i l w a t e r
samples c o n s i s t e n t l y only during the month of August at counts
of 200-300/1.
Rhizosolenia e r i e n s i s occurred predominantly during the
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late summer (Fig. 16; App. 26) achieving a maximum mean of
1653 cells/1. It had disappeared from the samples by Novem-
ber 14. Vertically, R. eriensis initially appeared in the
6.0 and 7. 5 m samples. During periods of maximum development,
cells were rather evenly distributed throughout the water
column.
Although occasionally detected in the tailwater samples,
cells of this phytop 1ankter were not representative of the
main pool populations.
Synedra spp. produced three maxima -- spring, fall, and
winter (Fig. 16; App. 27). These maxima were represented by
mean cell counts of 249, 708, and 1242/1.
During the early spring maximum, cells were concentrated
at 3 m. During the fall pulse, vertical distribution was
essentially uniform between the surface and 7.5 m with a mini-
mum population of 150 cells/1 occurring at 12 m. During the
winter maximum, major population densities of 1700 and 1488
cells/1 were located at 1.0 and 7.5 m, respectively.
In the tailwater samples, counts were representative of
main pool populations of Synedra on April 24, July 18, Septem-
ber 26, October 12, December 6, and January 16, 1971.
Subdominant Phytoplankters
Many additional species were present at some time during
the study but never reached a mean population value in excess
of 500 cells/1. Periods of occurrence and greatest concentra-
tion for these taxa are given in Appendices 28-80.
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Zooplankton
Zooplankton never attained the numbers associated with
the phytoplankton. Following a decline during February from
41 organisms/1, they rose to a yearly maximum of 1033/1 on
May 8 (Fig. 24; App. 81). Numbers declined in late May and
early June before rising to a summer maximum of 298 organisms/1
on July 18. Numbers exhibited a slight decline to 235 organ-
isms/1 on August 29. With the exception of a rise on Septem-
ber 26, numbers declined to a seasonal low of 124 organisms/1
on December 6. On December 29, numbers rose to 166 organisms/1
but then dropped to 33/1 on January 16, 1971.
Vertical distributions were highly erratic from February
through April 11 (Fig. 25). In late March and early April,
zooplankters concentrated below 3 m (March 21) and 6 m
(April 11). On April 25, greatest concentrations (160-195
organisms/1) were found at 1.0-4.5 m compared to 37-45/1 for
6-12 m and 127/1 at the surface. On May 8, the greatest den-
sity was at 4.5 m but with a range of 1432-1917 organisms/1
between 2 and 4.5 m; a large value of 1055/1 occurred at 7.5 m
with 340-555/1 associated with 0-1 and 12 m. A high of 110
organisms/1 occurred at 3 m on May 22 with lows of 35/1 occur-
ring at 0 and 12 m. Densities at other depths ranged between
72 and 87 organisms/1. On June 5, a high of 170 organisms/1
was associated with the 3 m level and lows of 37-47/1 were
found at 0 and 7.5 m. Other levels ranged between 52 and 85
organisms/1. On June 20, highs of 132-150 organisms/1 were
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Figure 24. Total zooplankton of the main pool and
tailwater of Barren Lake, February, 1970 - January,
1971.
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Figure 25. Vertical distribution profiles of total
zooplankton of Barren Lake, main pool, February,
1970 - January, 1971. (Figures are derived from the
square root of the No./liter at each depth).
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found a t 1, 6, and 7.5 m; lows of 92 and 52/1 were found at
0 and 12 m. On J u l y 4 , t h e h igh of 442 organ isms/1 was a t
4.5 m and lows of 122 -155 /1 a t 0 and 12 m. On Ju ly 18, a
low of 22 o r g a n i s m s / 1 o c c u r r e d a t the s u r f a c e wi th maxima of
520-585/1 at 6 and 7.5 m. I n t e r m e d i a t e va lues of 225-337
organ isms/1 o c c u r r e d a t 1 . 0 - 4 . 5 m and 150/1 a t 12 m. On
August 1, lows of 67-85 o r g a n i s m s / 1 occur red a t 0 and 12 m.
Values of 317-400 /1 o c c u r r e d above 4 .5 m and 165-280/1 below
4.5 m wi th a maximum of 480 /1 a t 4 .5 m. On August 15, lows
of 20-55 o r g a n i s m s / 1 o c c u r r e d a t 0 and 12 m with h ighs of
375-400/1 a t 4 . 5 and 6 m. At t he 1, 3 , and 7.5 m d e p t h s , the
number of o rgan i sms ranged between 175 and 2 8 2 / 1 . On August 29,
a low of 417 o r g a n i s m s / 1 o c c u r r e d a t 4 .5 m. Values of 312-
357/1 were found a t 1-3 m and 152/1 a t 7.5 m. On September 12,
a low of 82 o r g a n i s m s / 1 o c c u r r e d a t the s u r f a c e with va lues
r i s i n g g r a d u a l l y below 1 m t o a h igh of 245/1 a t 4.5 m, then
decreas ing t o 132/1 a t 12 m. On September 26, a low of 17
organ isms/1 e x i s t e d a t 12 m whi l e a t o t h e r d e p t h s , 0, 1, 3,
6, and 7.5 m numbers ranged between 142 and 2 3 5 / 1 . Maxima of
290-317/1 o c c u r r e d a t 2 and 4 .5 m. On October 12 the maximum
of 230 o r g a n i s m s / 1 o c c u r r e d a t 2 m and the minimum of 102/1
at 12 m. Numbers between 127 and 175 o r g a n i s m s / 1 occur red a t
0, 1, 3, 4 . 5 , 6, and 7.5 m. On October 24, a low of 42 organ-
isms/1 o c c u r r e d a t 12 m wh i l e t he maximum of 145/1 occu r red
at 1
 m . At t h e o t h e r d e p t h s , numbers of organisms ranged
between 102 and 117 o r g a n i s m s / 1 . On November 14, lows of
90-97 o r g a n i s m s / 1 o c c u r r e d a t 0 and 1 m and a maximum of 185/1
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at 7.5 m. Counts at other depths ranged between 130-157 organ-
isms/1. On December 6, a high of 176 organisms/1 occurred at
1 m and a low of 77/1 at 0 m. Counts at other depths fluctu-
ated between 90 and 135 organisms/1. On December 29, the
low of 102 organisms/1 occurred at 12 m and the high of 257/1
at 1 m. Other values ranged between 125 and 215 organisms/1.
Zooplankter distribution on January 16 was essentially uniform
ranging between 30 and 40 organisms/1 at all depths except
7.5 m (17/1) .
Zooplankters were represented in all tailwater samples.
Counts corresponded to those in the main pool with exceptions
in the spring and late summer. During February, March, and
April, tailwater values were considerably higher than those of
the main poo 1.
A detailed study of the spatial distribution and temporal
occurrence of rotifers in the main pool and tailwater of
Barren Lake was conducted by Abel (1972).
DISCUSSION AND CONCLUSIONS
Trophic Classification
Temperate lakes with high levels of production are known
to produce anaerobic hypolimnions (Hutchinson, 1957; Ruttner,
1963). Increasing summer temperatures bring about stratifi-
cation of the water column and a resulting stagnation of the
hypolimnion (Ruttner, 1963). This leads to the development
of anoxia in those lakes in which the hypolimnion is in the
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aphotic zone and in which there are sufficient amounts of
oxidizable organic materials (Ruttner, 1963). The production
of anoxic waters is, therefore, indicative of eutrophic con-
ditions and is a reflection of the trophic nature of the lake
(Edmondson, e_t al . , 1956; Ruttner, 1963; Biswas, 1966).
In Barren Lake, the oxygen concentration in the hypolim-
nion declined to 0.2 mg/1 at its lowest point during the late
stages of stratification. The occurrence of clinograde curves
for oxygen concentration indicates Barren Lake is of the
eutrophic type.
Alkalinity above 90 mg/1 is also associated with high
productivity (Moyle, 1946). Alkalinity was above this limit
during the spring and winter pulses and only slightly below
during the summer maxima. This is in agreement with Prescott
(1962) who associated hard water lakes with increased produc-
tivity. Carter (1969) characterized the geology of the Barren
Lake drainage basin as being karstic with large deposits of
limestone. As a result, any body of water in that region
would be expected to exhibit high alkalinity, but the result-
ing high alkalinity would not necessarily indicate high pro-
ductivity .
The composition and quantity of the phytoplankton can
also give an indication of the trophic nature of a body of
water. Hutchinson (1967) described a eutrophic diatom lake
as being dominated by species of Asterionella, Fragilaria,
Synedra, Stephanodiscus, and Melosira. Barren Lake was
dominated by Asterionella formosa, Ceratium hirundinella,
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Dinobryon s e r t u l a r i a , Fragi lar ia crotonensis, Melosira
granulata, M. i t a l i c a , and Pediastrum duplex. A. formosa
is c lassif ied as both an oligotrophic (Rawson, 1956) and
a eutrophic species (Hutchinson, 1967; Stockner and Benson,
1967). Hutchinson (1967) also described a similar si tuation
for Fragi la r ia , reporting i t to be a dominant in eutrophic
lakes but also occurring in abundance in oligotrophic waters.
Rawson (1956) placed £. crotonensis in a mesotrophic category.
£. hirundinella appears to be characterized more consistently
as typical of mesotrophic conditions, being placed in that
group by both Rawson (1956) and Hutchinson (1967). Species
of Dinobryon are considered to occur following nutrient
depletion by more demanding taxa and to be indicative of
intermediate conditions (Hutchinson, 1967; Howard, 1968;
Macan, 1970). Melosira spp. are considered to be both
oligotrophic and eutrophic by various workers. Rawson (1956)
places M. granulata in the oligotrophic group although at a
more advanced level than A. formosa. I t is also stated that
i t will replace M. i t a l i c a , an oligotrophic plankter (Davis,
1964), in strongly eutrophic waters (Lund, 1954). Rawson
(1956) stated that eutrophic species may be found in low
numbers in ol igotrophic waters. Pediastrum duplex, a meso-
trophic plankter (Rawson, 1956), occurred in Barren Lake in
such a manner.
In studies on sediments of eutrophic lakes, workers have
reported a shif t in the dominant member of the phytopiankton
community as eutrophication progressed. In Lake Washington,
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Stockner and Benson (1967) reported a shift from M. italica to
_F. crotonensis and A. formosa. Davis (1964) showed increased
domination by £. crotonensis and M. granulata over populations
of A. formosa as eutrophication progressed. The presence of
species in low numbers in Barren Lake may have been the result
of being in a transition stage from a less productive to a
more productive body of water.
Stratification of phytoplankton populations is also
associated with productivity. Seemingly uniform vertical
distributions (Rawson, 1956) and the absence of water blooms
(Ruttner, 1963) have been suggested as criteria of oligo-
trophism. In Barren Lake, little vertical stratification
and no water blooms occurred.
Considering the presence of taxa characterized as both
oligotrophic and eutrophic by various workers, the apparent
paucity of numbers, lack of stratification of the phytoplank-
ters, presence of an anaerobic hypolimnion, and its relative
youth, Barren Lake may be classified as intermediate between
oligotrophic and eutrophic conditions.
Seasonal and Spatial Occurrence of Phytoplankton
The phytoplankton community of Barren Lake did not exhibit
the typical bimodal pattern that Marshall (1965) associated
with temperate lakes. It did exhibit major peaks in March,
late August, and December with two small pulses in July, in
keeping with the possibility of variation noted by Hutchinson
(1967). Minima occurred in February, May, and October with
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two slight declines separating the small pulses in June and
July.
The phytoplankton community was dominated throughout the
year, except during the spring minimum, by diatoms. Chandler
(1942) reported that the occurrence of a dominant diatom
flora is common in temperate lakes, their occurrence being
enhanced by high turbidity (Lane, 1969), high alkalinity
(Prescott, 1968), and high silica (Pearsall, 1932). In
Barren Lake, all three parameters were conducive for the
dominance of the phytoplankton community by diatoms.
Winter Minimum
Field collections were initiated during the winter mini-
mum. During February, the majority of the measured parameters:
silica, alkalinity, phosphates, nitrites, pH, Secchi, dissolved
solids, and planktonic organisms exhibited declines to or near
yearly minima by the end of the month. However, one exception,
that of turbidity, was noted. It increased to its yearly max-
imum during the same period. It is proposed that the explanation
for this phenomenon lies in the nature and source of the
suspended material causing the high turbidity, the quality
and quantity of inflowing water, discharge from the lake, and
the freezing conditions prevalent during late January and
early February.
The restrictive influence of ice on turbidity (Chandler,
1942; Ward and Seibert, 1963) might explain the low values in
early February. During the winter period, if ice is present
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the normal wind-induced turbulence can be inhibited (Ruttner,
1963). In late January and early February, ice was present
in the main pool. It was absent, except in the shallows, by
the second week in February. The decline of Melosira, which
Macan (1970) reported to be lost to sediments under such con-
ditions, indicates that turbulence may have been reduced
under such conditions. In late February, the melting of the
ice would have allowed an increase in turbidity through in-
creased wave action on the exposed mud banks of the lake (Reed
and Olive, 1956; Rodhe, 1964), and by wind-induced turbulence
(Ruttner, 1963) .
The freezing conditions may also have affected the water-
shed through reduction of the flow of allochthonous materials
into the lake (Benson and Cowell, 1967). Later, thawing would
have contributed to the rise in turbidity in late February
through increased allochthonous input.
Dissolved solids and soluble nutrient materials exhib-
ited declines at the same time as the rise in turbidity.
Factors contributing to this situation may have been the
quality of the water entering the reservoir, flushing by
large inflows, absorption by plankters, and the effect of
refractory suspended material.
Turbidity is related to dissolved materials because of
the known nutritive value of suspended material (Ruttner, 1963;
Findenegg, 1966). In fact, it is the resuspension of sedi-
mented material that provides nutrients for the spring pulse
(Lund, 1949, 1950; Hutchinson, 1967).
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Phytoplankters have the ability to store excess nutrients
such as phosphorous (Mackereth, 1953; Hepher, 1958; Pomeroy
e_t aJ. , 1963; Hammer, 1964; Macan, 1970) and silica (Hutchinson,
1957; Lund, 1965) prior to a pulse. This could explain the
apparent inconsistency between turbidity and nutrients, and
possibly the other dissolved materials also, in late February.
However, the rather low number of Melosira, 834 cells/1,
present on February 27, opposed to 6196 cells/1 present at
the peak of the pulse when nutrient parameters were for the
most part continuing to increase or were at maximum levels,
indicates little absorption was occurring in late February.
The low number of Melosira cells indicates that relatively
little bottom material may have been contributing to the sus-
pended material in the water column. This would have been
due to the life cycle of Melosira which requires it to exist
on the bottom of a lake until sufficient turbulence resuspends
it in the water column (Lund, 1954; Hutchinson, 1967). The
presence of ice in winter periods can cause its loss to the
sediments (Macan, 1970) resulting in the loss of a major
source, bottom sediments, of nutrients from the water column
(Edmondson, 1961; Imevbore, 1967). This would indicate the
main source of suspended material to be allochthonous in origin.
The high flushing rates of this period (Fig. 26), reported
to retard the accumulation of nutrients (Nicola and Borgeson,
1970), may have been the main factor contributing to the
decline of the dissolved materials. Flushing or discharge is
indicative of the amount of water leaving the reservoir as
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well as the amount of water entering the reservoir or replacing
that which is lost through out-flow. It is this rate of re-
placement that can determine the effect of inflows on the
dynamics of the lake (Findenegg, 1966). During February, the
lake was being maintained at a constant volume, winter pool,
of approximately 46000 acre feet. Discharge during the month
averaged approximately 3600 cfs, a level which, when converted
to acre feet, indicates the lake was being renewed completely
every 6-7 days. Since dissolved materials were declining
and turbidity was increasing, two factors must have been con-
tributing to this phenomenon: 1) dilution by the new water,
and 2) a relatively small contribution of dissolved materials
by the suspended materials being carried into the lake. The
quantity and quality of inflowing water has been reported to
affect the nutrients of a lake and thereby have definite
effects upon plankton production (Gaufin and McDonald, 1965).
Factors contributing to the decline of the phytoplankton
during February to a minimum of 2400 cells/1 may have been the
high turbidity (Chandler, 1944; Claffey, 1966), high inflows
(Lund, 1954; Findenegg, 1966; Dickman, 1969), and the low
temperatures of that period.
Although phytoplankters themselves can cause high tur-
bidity, up to 150 mg/1 (Chandler, 1942), it was unlikely to
have been the case here because of the low turbidities at
other times when much higher phytoplankton populations were
present. Claffey (1966) reported a decline of phytoplankton
to occur at turbidities above 25 mg/1. In Barren Lake, values
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reached 125 mg/1 at the time of the decline in phytopiankton
in late February. Turbidity is inversely related to light
transmission (Lane, 1969), and it is during winter periods
that light plays a major role in controlling phytoplankton
populations (Tailing, 1955; Lund, 1964; Hutchinson, 1967;
Pechloner, 1970). Secchi disc readings were at their lowest
point of the year in February; therefore, through its restric-
tion of light penetration (Tailing, 1962) turbidity may have
been a limiting factor during February. Secondly, the high
rate of discharge must be considered to be a contributing
factor, as discharges of up to 4000 cfs coincided with plankton
populations of 2400 cells/1 while in late March discharges of
less than 500 cfs coincided with populations of 8500 cells/1.
A lake renewal rate of 6-7 days at this rate of discharge
must be considered to be affecting the phytoplankton popula-
tions. The low temperatures may also have contributed to the
effects of discharge by their influence upon the reproductive
rates of the phytoplankton during the winter period, when such
conditions are reported to limit algal populations (Lund, 1954,
1964; Macan, 1970).
Vertically, little stratification was present in the dis-
tribution of the phytoplankton and suspended and dissolved
substances during the winter minimum. Homothermic conditions
of the period contribute to complete circulation of the water
column and tend to produce uniform distributions (Ruttner,
1963). Zooplankton exhibited significantly greater populations
at the lower levels during the February period and persisted
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at those positions until late April. No explanation is
offered for this phenomenon.
Spring Pulse
In March, turbidity and discharge declined as alkalinity,
dissolved solids, nitrites, phosphates, pH, and silica in-
creased. Light penetration, Secchi, and temperature exhibited
moderate increases, but not to the extent of the other para-
meters. The explanation of these changes lies in the inter-
action of declining inflows and the increasing effects of
spring overturn.
Filling of the reservoir to summer pool was not scheduled
to begin until April. The declining discharge of March could
indicate early filling except for the occurrence of a sharp
surge in discharge during the latter part of March, indicating
a reflection of diminished inflows by reduced discharge. There-
fore, the influence of allochthonous materials upon turbidity,
which is considered by Chandler (1944) to be a major source
of turbidity, and the dilution effect of the inflow was reduced
Coincidentally, turbidity decreased and dissolved materials
tended to increase.
By March 21, homothermic temperatures were well above the
maximum density of 4 C occurring in February, and the lake had
entered spring overturn (Ruttner, 1963). This had the effect
of causing maximum recirculation of nutrient-rich bottom
materials throughout the water column as a result of wind
action (Hutchinson, 1957). That this occurred is supported
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by the increased presence of Melosira (Macan, 1970) and the
rise in nutrients and dissolved materials. Macan (1970) re-
ported the build-up of reduced dissolved salts in anaerobic
hypolimnions of stratified lakes which can then be returned
to the upper layers during periods of overturn. The increases
in silica (Hutchinson, 1957), phosphorous (Hutchinson and
Bowen, 1950; Tucker, 1957), and alkalinity (Ward and Seibert,
1963) can be explained in this manner. In the case of silica,
allochthonous input is recognized, but it apparently must
pass through the sediments in order to enter the water column
(Hutchinson, 1957). Allochthonous input should also have
affected the alkalinity values, especially considering the
calcareous nature of the drainage basin (Carter, 1969). How-
ever, large concentrations occur in waters high in carbon
dioxide, hence the build-up in the hypolimnion (Ruttner, 1963;
Ward and Seibert, 1963). Increases in nitrites are assumed
to be due to the same factors.
The apparent inconsistencies between the presence of
Melosira italica and a concomitant increase in silica and other
nutrients, can be explained on the basis of too great input
of dissolved materials from the sediments and possibly through
the failure of the pulse to maintain itself for sufficient
time to affect the concentrations of dissolved materials.
Spring Minimum
In April, phytopiankton populations began to decline
reaching a minimum in late May. .The initial decline coincided
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with increases in zooplankton populations and rising temper-
atures. The minimum coincided with a corresponding minimum
in zooplankton populations, beginning stratification, and a
sudden surge in discharge. Light intensities declined followed
by a rise in late April which paralleled the rise in turbidity.
Also increasing were nutrient parameters: phosphates, silica,
and nitrites; declines occurred in dissolved solids and alka-
linity, even though alkalinity remained near maximum levels
for most of the spring.
In April, the reservoir was filling as it approached
summer pool levels of 209800 acre feet. At this time, dis-
charge was at a minimum, below 200 cfs (Fig. 26), and the
rising waters were covering the previously exposed mud banks.
The covering of exposed banks by fluctuating reservoir water
levels has been reported to favor the transport of suspended
and dissolved material into the lake (Rodhe, 1964). This
would explain the rise in turbidity during April. It would
also have contributed to the continued increase of nutrients.
Although temperatures were rising, no stratification was
evident, therefore, spring turnover was still in progress and
contributing to the rise in nutrients.
Total dissolved materials as dissolved solids were begin-
ning to decline. This can only be explained by the dilution
effect of the inflowing water as the reservoir filled to
summer pool. When values for dissolved solids are compared
to the sum of the other soluble parameters, especially alka-
linity, it is apparent that, although total dissolved materials
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Figure 26. Daily discharges of Barren Lake, January,
1970 - January, 1971.
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were declining, they remained at levels above the sum total
of the other parameters. With the exception of alkalinity,
these parameters were increasing.
The slight decline in alkalinity may have been the result
of dilution by inflows of that period even though the drainage
basin is calcareous in nature. An alternate explanation
involves the increases in dissolved oxygen associated with
the spring pulse. Phytoplankton activity often results in
a reduction of available carbon dioxide, which would cause
a reduction in alkalinity (Ruttner, 1963). Paralleling the
changes in alkalinity of March and April were corresponding
changes in pH.
In the case of dissolved nutrients, one must consider
the influence, if any, of agricultural practices in the
drainage basin during the spring. The rising levels of phos-
phates and nitrites may be a reflection of fertilizer appli-
cation in the drainage basin. In the case of silica, again
recognizing the influence of the catchment basin, emphasis
must be placed on the need for it to pass through the sediments
in order to enter the lake as soluble silica (Hutchinson, 1957).
Its continued rise may have been due to the continuing effects
of spring overturn.
During the spring pulse, most of the parameters were
uniform in their vertical distribution. Exceptions included
the zooplankters, which were concentrated in the upper layers.
Phytoplankters exhibited a slight decline at 6 and 3 m which
may have been due to grazing by zooplankters (Anderson, 1955;
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Wright, 1956; Imevbore, 1967; Abel, 1972).
The phytoplankton began an initial decline in April which
can be attributed to the effects of dilution by rising water
levels, rising temperatures, and zooplankton. As nutrients
were at, or increasing to, maximum levels, nutrient deficiency
in an overall sense apparently was not limiting, although
silica may have limited M. italica.
Killiam (1971) reported the optimum silica concentration
for Melosira to be 13.4 mg/1. It would be conceivable to
suspect that silica may have limited Melosira even though it
continued to increase during the spring pulse.
Grazing by zooplankton may explain the inverse relation-
ship that existed between the two communities during the
spring (Anderson, 1955; Wright, 1956; Sladecek, 1958; Imevbore,
1967). Riley (1940) reported the effects of increasing tem-
perature upon the activity of zooplankton as a reason for the
spring occurrence of this phenomenon. Observations reported
in the literature suggest that grazing can remove algae as
rapidly as they multiply (Edmondson, 1957, 1961). Lund (1954),
however, concluded that grazing had little effect on M. italica.
Other workers restrict the action of zooplankters to predom-
inantly smaller phytopiankters (Amren, 1964; Macan, 1970;
Pechloner, 1970) which would have restricted any influence
they may have had on the phytoplankton community, dominated
by M. italica, of the spring.
During May, plankton populations underwent drastic de-
clines. Simultaneously, discharge surged to seasonal highs,
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dissolved solids and alkalinity increased slightly, and other
dissolved materials declined either sharply (silica and nitrites)
or slightly (phosphates). The sudden surge of water into the
reservoir, which amounted to approximately 2.4 times its
volume occurred in approximately 2.5 weeks.
The primary reason for the declines in nutrients and
plankton populations must be attributed to the dilution and
flushing effects of the sudden inflows. The slight rise in
alkalinity and dissolved solids may reflect allochthonous
input from the calcareous drainage basin (Lund, et^  aj_. , 1963).
The cropping effects of sudden inflows upon phytoplankton has
been reported (Lund, 1954; Findenegg, 1966; Dickman, 1969).
The controlling influence of the inflows appears to be their
volume in relation to that of the lake (Findenegg, 1966). The
quality of the water in regard to dissolved materials must
also be considered (Gaufin and McDonald, 1965). Cessation
of the surge in inflows of May coincided with a reversal of,
or a reduction in the rate of decline of the measured para-
meters and populations in early June. Apparently, the surge
in discharge played a major role in the changes taking place
in the reservoir during this period.
Increasing temperatures and light intensities may have
contributed to the declines of the phytoplankton. Lund (1954)
reported Melosira italica to be sensitive to high light inten-
sities and possibly high temperatures; apparently, its sinking
habit developed as an escape mechanism from the increasing
light of spring. In 1955, Lund reported an alternate theory
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suggesting that the reductive effects of incipient stratifi-
cation upon turbulence may be sufficient to remove M. italica
from the water column. This makes it unnecessary to postu-
late that the increases in light and temperature themselves
were the causes behind the decline of Melosira, even though
Lund (1955) warned that light may still be deleterious. In
Barren Lake, initial stratification was occurring during the
phytopiankton decline.
Incipient stratification during May also affected the
lake through a reduction in turbidity at surface levels.
Allochthonous materials are reported by Chandler (1944) to
be major sources of turbidity. The interaction of increasing
stratification with increased allochthonous input of suspended
material may explain the occurrence of the turbidity increase
at lower leveIs.
The phytoplankters of May 8 were concentrated in the
lower levels possibly as a result of grazing by zooplankton
or as a result of increasing stratification. The zooplankters
were concentrated in the upper layers at this time; however,
their influence upon the phytopiankton community may have
been restricted due to the size of the dominant phytoplankter,
Melosira (Amren, 1964; Macan, 1970; Pechloner, 1970). A
more probable explanation can be seen in the effects of
increasing stratification upon turbulent energy. This would
have caused an increase in overall numbers in the lower levels
by sinking of the Melosira.
Oxygen values, as per cent saturation, correlated with
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phytoplankton populations during the spring pulse. The pro-
duction of dissolved oxygen can be correlated with phytoplank-
ton populations (Ruttner, 1963; Biswas, 1966; Vyas and Kumar,
1968). Oxygen values above 100% saturation occurred at this
time in Barren Lake and declined drastically with the decline
of the pulse in late May.
Oxygen values (mg/1) declined throughout the spring,
probably as a function of the rising temperatures. Increases
of water temperature cause a reduction of its ability to hold
oxygen in solution (Ruttner, 1963). During April, however,
there was an increase in dissolved oxygen as a result of
phytoplankton activity (Edmondson, 1956; Ward and Seibert,
1963; Vyas and Kumar, 1968). The increasing temperature of
the spring may have contributed to the high percent saturation
which occurred during the spring.
Summer Period
From June through the middle of September, discharge was
stabilized at 500 cfs from the top ports only at levels neces-
sary to maintain the lake at summer pool stage. Indications
of sudden inflows were not recorded (Fig. 26).
In June and July, physical parameters reached maximum
values. Temperatures reached 30 C by late July and light inten-
sities and Secchi reached maximum values during June before
beginning to decline in July. Surface light intensity and
maximum depth of penetration continued to increase during this
period, reaching maximum values by the first of August.
The lake was stratified with a definite thermocline estab-
lished between 4.5 and 7.5 m. Vertically, the effects of
stratification on chemical parameters began to appear with
increases in turbidity and silica and decreases in oxygen at
the lower levels. Other parameters associated with oxygen
concentration -- pH, nitrites, alkalinity, and phosphorous --
did not exhibit significant vertical stratification. This
may have been caused by the incomplete sampling as the maxi-
mum depth of the lake reached 25 m and the maximum depth of
sampling was 12 m.
Seasonally, the primary nutrient parameters did undergo
change. Silica continued its decline, from the maximum values
of May, throughout this period. This decline was probably
due to utilization of silica by the dominant diatoms (Hutchin-
son, 1957). Phosphates declined sharply in June but then
increased to seasonal maximum during July. Phytoplankters,
reported to utilize phosphates (Hutchinson, 1967), were
increasing during this time as were zooplankton populations.
Seasonally, the soluble materials -- nitrites, phosphates,
and dissolved solids -- appear to have paralleled deflections
in the phy topi ankton population curves, i_.e_. , a decline or
leveling off from June 5 to June 20 followed by an increase
on July 4, followed by a decline on July 18. Alkalinity
exhibited the same pattern, but with a much sharper drop on
June 5 and with less noticable changes in July. These changes
might reflect the absorption and secretion by the phytoplankton
populations, or in the case of phosphates, since an overall
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increase did result, secretion by the increasing zooplankton
population of the period (Barlow and Bishop, 1965; Hargrave
and Geen, 1968; Prescott, 1968). However, the concentration
of phosphorous can also be correlated with phytopiankton pop-
ulations (Riley, 1940; Hayes and Phillips, 1958; Fogg, 1965;
Michael, 1969). This may be true for the other dissolved
materials, although the sudden drop in alkalinity may have
been influenced more by the onset of stratification which
would have resulted in a loss of circulating bottom materials
in the water column (Ward and Seibert, 1963). During June
and July, pH was inversely related to phytopiankton populations.
No explanation is offered for this phenomenon.
Turbidity declined from May values, indicating the cessa-
tion of allochthonous input. Its increases in the lower
levels at this time corresponded with the increasing effects
of stratification.
Apparently, nutrient parameters did not decline to the
point where they were limiting for the species present. Silica
did not reach the level reported by Pearsall (1932) to be
limiting for diatoms; phosphorous remained well above the
limit -- 1 ug/1 -- reported by Mackereth (1953) for Asterio-
nella, and alkalinity remained above levels critical for
phytoplankton growth (Moyle, 1946). Limiting values for the
other nutrients are not available, but it is assumed that
they were not limiting either.
During June and July, the lake provided optimum growing
conditions as evidenced by the large number of species present.
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I'hytoplankton populations increased in late May following
cessation of the high discharge to produce a series of peaks
in June and July. Vertically, phytoplankton populations were
stratified with maxima occurring at lower levels.
Zooplankton paralleled phytoplankton increases and,
although they apparently did not correlate with cessation of
phytoplankton increases, they may have contributed to the
diversity of the phytoplankton present during the summer.
Lund (1965) stated that grazing may contribute to the diversity
of organisms during the summer; Hutchinson (1967) has suggested
that competition for existing nutrients under the ideal grow-
ing conditions of summer may produce the same result. However,
when nutrients are plentiful, many more taxa may make up the
community than in the spring (Lund, 1964). In Barren Lake,
during the June-July period the phytoplankton community was
dominated by Ceratium hirundinella, Asterionella formosa,
Dinobryon sertularia, Cyclotella spp., and Cloeocystis vesicu-
los a.
In June, Ceratium hirundinella produced a maximum inter-
posed between the decline of Melosira i ta1i ca and the later
increase of Asterionella formosa. It has been reported to
occur from May to December reaching high population density
during the months of June and July (Edelstein, 1966). In
Barren Lake, it occurred during this period but later produced
a second peak in October. It is reported to be primarily a
warm water species (Ruttner, 1963; Hutchinson, 1967) with re-
quirements for hard water above 20 mg/1 alkalinity (Prescott,
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1962; Hutchinson, 1967). In Barren Lake, alkalinities were
above 70 mg/1 during its presence. Considerable variation
exists among reports concerning its optimum temperature. It
has been collected at temperatures between 21 and 28 C (Hill,
1971), below 15 C (Cole, 1957), and reported to occur in the
same lake at both temperatures below 15 C and at 28 C (Woodson,
1969). In Barren Lake, its two pulses occurred at 23-28 C
and 14-21 C. That it is a warm water form is well illustrated
by changes taking place in its vertical distribution during
the cooling period of the October pulse. At that time, it
was restricted to the upper levels and followed the dropping
thermocline becoming uniformly distributed in November prior
to its disappearance in December. Apparently, the declining
temperatures in the lower levels declined below 21 C. Verti-
cally, it was rather erratic during the summer, but it did
appear to produce larger populations at levels where tempera-
tures were between 21 and 28 C.
As alkalinity declined to its lowest point £. hirundinella
was replaced by As teri one lla formos a. A_. f ormosa had been
present since the beginning of the sampling but did not
become dominant until July. It is recorded as being a domi-
nant member of the spring pulse in temperate lakes (Chandler,
1944; Lund, 1949). Pearsall (1932) reported that A. formosa
follows Melosira spp. in lakes of high calcium (above 3 mg/1).
In Barren Lake, based on Ruttner's (1963) percentage, 80% of
the total alkalinity is comprised of calcium carbonate; more
than enough calcium carbonate was present to create favorable
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conditions for this occurrence. Lund (1964) reported that the
presence of some winter species with the ability to maintain
themselves from a previous year may replace or delay the pulse
of A. formosa. Killiam (1971) reported the ability of Melosira
italica to replace the spring pulse of A. formosa in eutrophic
lakes. This apparently explains the delay in the appearance
of A. formosa in Barren Lake.
Physical requirements for both species are similar. A.
formos a is characterized as a low temperature and low light
plankter by Marshall (1965). Hutchinson (1967) characterized
M_. italica in a like manner. Following the loss of M. italica
due to declining turbulence, increases in light and tempera-
ture, and dilution by surges in inflows, A^. formosa pulsed
and, as it did so, produced major populations in the hypolim-
netic regions of the lake whose characteristics most nearly
resembled those present in the lake as a whole during the
spring.
Optimum temperature ranges for A. formosa have been re-
ported by many workers -- Hutchinson (1967), 10-20 C; McCombie
(1953), 14-21 C; Rawson (1956), 7-14 C and 5-8 C; and Lund
(1950), 1.5-20.0 C. In Barren Lake, A. formosa produced two
seasonal population maxima; one at 24 C in the hypolimnion
during the summer and the other at 7 C when it occupied the
entire water column under homothermic conditions. Ruttner
(1963) and Hill (1971) have reported the occurrence of similar
vertical stratification. Gaufin and McDonald (1965) recorded
the species to drop from the surface waters when the temperature
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rose above 21 C. Ruttner (1963) classified the species as
being comprised of two physiological races based on temperature
requirements -- A. formosa epilimnetica, a eurythermal form
occurring at 7-14 C and A. formosa hypolimnetica, a stenother-
mal form occurring at 5-8 C. Since it pulsed at two tempera-
tures with the larger pulse at the higher temperature, apparently
the eurythermal form produced the populations in Barren Lake.
The maximum in Barren Lake and those occurring in other lakes
in the 20-degree range may be due to the development of transi-
tory maxima at high temperatures as is reported to occur in
some species (Hutchinson, 1967).
Although major emphasis is given to temperature as a
controlling mechanism for the succession of Asterionella in
light-saturated summer waters (Tailing, 1955; Macan, 1970),
light must also be considered to play a role (Ruttner, 1963).
Since A., formosa is reported to pulse in winter waters when
light is supplied (Lund, 1949) and is reported to be a low
light plankter (Marshall, 1965), the high light intensities
of the summer may have contributed to its vertical distribu-
tion. There is a concensus that populations can be limited
in depth distribution by vertical penetration of light (Chandler,
1944; Tailing, 1962). In regard to selected species, high
intensity can cause a reduction in numbers at surface levels
(Bradly and Beard, 1967). Inhibition of plankton at high
surface intensities has been recorded (Edmondson, 1956;
Tailing, 1962; Goldman and Mason, 1963); therefore, a close
correlation between vertical changes in intensity and
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population maxima is possible (Sakamoto and Hogetsu, 1963;
Lane, 1969; Tailing, 1962). In regard to A. formosa, however,
Lund (1949) reported no inhibition of samples placed at the
surface in glass bottles. It is possible that the restriction
of certain wave lengths by the glass could have biased the
results. Gaufin and McDonald (1965) attributed vertical
distribution of the species to parallels of optimum light
intensities. In Barren Lake, light must at least be considered
to have contributed to the vertical distribution because the
population maxima occurred well within the euphotic zone and
exhibited maximum numbers at the lower light intensities.
The interaction of increasing temperature and declining
light penetration may have contributed to the decline of A..
formos a in early August. The euphotic zone declined sharply
during July and early August, rising from below 6 m in late
June to above 3 m by early August. At the same time, temper-
ature continued to increase at the lower depths, reaching
temperatures above 28 C at the limit of the euphotic zone on
August 1.
Nutrients, apparently, were never limiting. Silica, the
primary limiting nutrient of diatoms (Pearsall, 1932; Mackereth,
1953) did decrease overall during the pulse but never declined
below levels cited as optimum (Lund, 1950, [1.6 mg/1]; Killiam,
1970, [1.7 mg/1]) or limiting (Pearsall, 1932, [0.5 mg/1]).
In fact, silica, probably due to increasing effects of strati-
fication, actually increased at the lower levels during the
pulse. Other nutrient parameters including phosphates,
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alkalinity, and dissolved solids also increased.
Dinobryon sertularia produced a maximum in late July and
early August. Its occurrence followed that of Asterionella
formosa and preceded that of Fragilaria crotonensis. Verti-
cally, it exhibited a distribution similar to that of A. formosa
with a maximum population density at 6 m at temperatures
between 24 and 26 C. Light values remained high during its
pulse and, later, declined simultaneously.
Dinobryon has been reported to appear following spring
algal blooms (Tailing, 1962; Hamilton, 1969) and is considered
to be an indicator of oligotrophic conditions (Rodhe, 1948;
Howard, 1968). It may be inhibited by high concentrations
of phosphorous (Rodhe, 1948; Bamforth, 1958) although Tailing
(1962) reported success in cultivating it in phosphate rich
media. In Barren Lake, it declined as phosphate concentrations
increased. It has been reported to utilize silica in the
formation of loricae (Smith, 1950); however, no limiting
values have been suggested. Its presence and development in
Barren Lake were inversely correlated with nitrite concentra-
tion. It would appear that nutrients were not limiting and
that it prefers nutrient-poor waters as reported by Rodhe
(1948).
Some confusion exists concerning the temperature require-
ments of Dinobryon spp. and little information is available
relative to their light requirements. Representatives of the
genus have been collected in the winter (Marshall, 1965; Lane,
1969; Hill, 1971) as well as in the summer (Spencer, 1950;
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Palmer, 1965). Its physico-chemical requirements appear to
parallel those of Asterionella formosa. Tucker (1957) and
Hill (1971) reported the simultaneous occurrence of A. formosa
13. sertularia; in Barren Lake, they coincided seasonally
and vertically.
Species of the genus Cyclotella, perennial in their
seasonal distribution, produced a seasonal maximum in July
just prior to the pulse of Asterionella formosa. The genus
has been reported to prefer oligotrophic waters (Hutchinson,
1967; Stockner and Benson, 1967). Its occurrence in Barren
Lake indicates intermediate requirements between Melosira
it ali ca and As terione11 a formos a. The relatively high levels
of silica, dissolved solids, and phosphate suggest that nu-
trients were not limiting. Vertical maxima occurred below
4.5 m indicating a preference for lower light intensities
than those of the upper levels. The pulse of Cyclotella
occurred at nutrient levels and temperatures comparable to
those obtained during the pulses of As terionella formos a and
Dinobryon sertulari a.
A green alga, Gloeocystis vesiculosa, exhibited a small
pulse concomitant with that of Cyclotella. In early August,
another chlorophyte, Pediastrum duplex, also produced a small
pulse. Jackson (1961) suggested "greens" to be favored by low
alkalinities -- below 50 mg/1 -- and Prescott (1962) reported
them to produce major crops in soft waters where pH is between
6.0 and 7.0. In Barren Lake, alkalinities and pH were always
above the optimum ranges cited for chlorophytes, and this
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probably explains their low numbers.
The decline of the chlorophytes in August coincided with
declining light intensities. The euphotic zone was at its
shallowest during the summer period on August 15. Smith (1950)
characterized the green algae as generally favoring late
spring and early autumn periods. This may be due to the high
light intensities present during those seasons for, according
to Jackson (1961), they are one of the lower photosynthetically
active groups .
Barren Lake exhibited an essentially anaerobic hypolimnion
during the summer months. The low lying populations present
during this time apparently did not produce sufficient oxygen
to create significant heterograde oxygen curves. This is
probably due to the fact that the euphotic zone at its deepest
penetration, 6 m, did not remain in the hypolimnion for a
sufficient length of time to create such curves. Seasonally,
the 6-7.5 m levels exhibited elevated oxygen values relative
to the 9-12 m levels proabaly due to the depth of the euphotic
zone .
During June and July, zooplankton populations produced
maximum numbers in the epilimnion with the exception of July 18
when maximum numbers correlated with the hypolimnetic phyto-
plankton maximum. During early July and to some extent during
early June, zooplankton populations coincided with those of
the phytoplankton. There was never a true inverse vertical
relationship between the two groups with the exception of the
low lying -- 12 m -- phytoplankton maximum of June 20. With
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the exception of Asplanchna, zooplankters have little effect
upon Asterionella (Lund, 1949, 1950; Macan, 1970), the
dominant phytoplankter during June and July. No members of
the genus Asplanchna were reported to be present in Barren
Lake during June and only limited numbers were reported for
July at which time maximum numbers -- 10/1 -- occurred in
the upper levels (Abel, 1972). No information is available
concerning the effects of zooplankton upon the co-dominant
phytopiankter present, Dinobryon sertulari a. As a group,
zooplankters appeared to aggregate at levels associated
with maximum phytopiankton densities but apparently had
little effect on the vertical distribution of the phytoplank-
ton .
Following the early summer maximum, zooplankton gradually
declined to a low point in late October. There was little
correlation with the fluctuating phytopiankton populations
of late summer.
Summer Maximum
In early August, Fragilaria crotonensis appeared and
dominated the phytopiankton maximum of August and September.
During this maximum, silica declined to its lowest point,
2.4 mg/1. Nitrites and phosphates declined during the pulse
but increased at the end of the IF. crotonensis maximum. Tem-
perature was at a maximum during the initiation of the pulse
but declined as the diatom population declined. Light was
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declining at the beginning of the pulse but its penetration
increased temporarily during the pulse prior to the general
decline of late summer.
Vertically, F_. crotonensis first appeared temporarily in
the hypolimnion in February only to disappear during March.
In August it rose from the bottom to produce a seasonal maxi-
mum which occurred in greatest density between 1.0 and 7.5 m.
In September, October, and November vertical localizations
were erratic. By January F_. crotonensis had disappeared from
the quantitative samples.
F_. crotonens is is reported to have a similar growth rate
to Asterionella formosa (Tailing, 1955; Lund, 1964; Stockner
and Benson, 1967). It often succeeds A^  formos a due to a
late start caused by a greater winter decline (Lund, 1964).
In Barren Lake, A_. formosa was present throughout the winter
and spring, while _F. crotonensis was absent during the spring
and early summer months. It is reported to follow A. formosa
due to its ability to utilize available nutrients more effic-
iently at lower concentrations (Lund, 1964; Macan, 1970). In
Barren Lake, silica was at a lower concentration than during
the A. formosa pulse. Other parameters however -- phosphates
nitrites, and dissolved solids -- were at a higher level at
the initiation of the pulse. Since nitrite levels can be
indicative of nitrate levels (Hutchinson, 1967), their
increase in August may have contributed to the dominance
achieved by F.. crotonensis. Hutchinson (1967) reported that
in highly productive waters normal cyanophycean blooms of
99
late summer can be replaced by F.. crotonensis when nitrates
are high.
Nutrients apparently were not limiting as major nutrient
parameters continued their increase following the pulse of
£.• crotonensis . Silica declined to its lowest point but
did not reach the levels reported to limit diatom growth
(Pearsall, 1932) nor did it decline to levels reported to
be optimum for A_. formos a which supposedly has similar growth
requirements (Tailing, 1955; Lund, 1964; Stockner and Benson,
1967) .
_F_. crotonens is has been reported to possess ecotypes
similar to A. formos a and may, as a result, exhibit irregu-
lar behaviour from lake to lake (Hutchinson, 1967). In
Barren Lake, it occurred during the temperature maximum when
light was still relatively high. It has been reported to
be a winter form (Marshall, 1965) and a summer form (Chandler,
1944; Spencer, 1950; Davis, 1962; Hutchinson, 1967). Hutchinson
(1944) reported it to be present at temperatures from 5-20 C.
Essentially the same number, however, occurred at the upper
levels at 28 C. The lower maximum was no doubt due to settling
and accumulation at the thermocline (Lund, 1964). Contributing
to the pulse of F. crotonensis in Barren Lake during the August
period, were the high nitrites, its tolerance to high tempera-
tures, and its ability to utilize silica at lower concentrations
than other diatoms.
The decline of the population coincided with increases
in phosphates, nitrites, pH, and dissolved oxygen. During the
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peak of the pulse, as reported to occur by Biswas (1966), a
direct correlation existed between dissolved oxygen and phyto-
plankton. It would appear that since nutrients were at or
above reported minimum values, nutrient insufficiency was not
the cause for its decline.
The decline of F_. crotonensis corresponded to increases
in turbidity and decreases in light and temperature. The
increasing turbidity and decreasing light would have restricted
the population's growth (Chandler, 1944; Lund, 1949). The
decline might also be attributed to decreasing temperature.
£. crotonensis, reported to be limited at 15 C (Rodhe, 1948),
disappeared from Barren Lake when temperature dropped below
8 C and when surface light declined to seasonal lows. Appar-
ently, physical parameters contributed to the termination of
its population growth.
Increases in discharge in the last half of September con-
tributed to the decline of F_. crotonens is during its later
stages. Since it was too early to begin the drawdown to winter
pool, these elevated discharges indicated surges in inflowing
waters. These inflows would have contributed to the decline
through dilution effects and through a flushing action as the
"old" water was pushed out of the reservoir (Dickman, 1969).
However, the discharges of late September reflected a replace-
ment of only 13% of the reservoir volume based on two weeks at
1000 cfs. This seems insufficient to make discharge a primary
cause of the decline, although it may have been contributory.
The rise in nutrients correlated with the decline in
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phytoplankton populations and the rise in discharge. Death
and decay of plankton populations has been reported as a source
for phosphates (Heron, 1961; Hammer, 1964; McCarty, 1970) and
perhaps nitrites and silica. The influence of inflows has
also been reported as a source of nitrates (Lund, et_ aj_. , 1963)
which would have been reflected in the increases of nitrite
(Hutchinson, 1957). Inflows have also been reported as a
source for phosphates (Heron, 1961) and silica (Hutchinson,
1957). However, as indicated previously, inflows amounted to
only approximately 13% replacement which would provide little
contribution to the lake. Therefore, release from the dying
plankters must be considered to be the primary factor contri-
buting to the rise in nutrients during September. Support for
this conclusion can be seen in the little effect the inflows
had on alkalinity which remained essentially constant during
this period. Data for dissolved solids were not collected
during this period and are not available for comparison.
Rhizosolenia eriensis pulsed at the same time as Fragi-
laria crotonensis. Although it never approached the numbers
of F. crotonensis , it may possess similar requirements for it
produced maxima at the 26-28 range. Hutchinson (1967) reported
this taxon as a sub-dominant associate of F_. crotonensis .
Fall Minimum
The values for nitrites, silica, and pH were quite similar
during the fall and February minima. During late October, most
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parameters were Initiating similar patterns; i.e., they were
initiating increases coincidental with a period of beginning
overturn and following a decline. During this period, the lake
was in transition between summer stagnation and fall circula-
tion. Secchi values declined despite temporary increases in
surface light, depth of penetration, and depth of euphotic
zone in December to reach seasonal lows in January. Tempera-
ture declined to 19 C at which time the lake became homothermic,
The sharp declines of nutrients, phosphates and nitrites,
may have been related to the surge in discharge which coincided
with them. During October, the water level of the reservoir
was being lowered to winter pool. This resulted in increased
discharges taken from the bottom ports. This has been reported
to restrict the accumulation of nutrients when nutrient-rich
hypolimnetic water is removed (Nicola and Borgeson, 1970).
At this time the lake was entering homothermic circulation.
The surge in discharge may have caused a reduction of phos-
phates and nitrites through dilution by inflowing water. How-
ever, this effect must have been minor because the discharges
were not related to surges in inflows. In addition, declines
were not exhibited by other dissolved material associated with
nutrient-rich hypolimnetic waters, £. e_. , silica, alkalinity,
and dissolved solids. These parameters were, in fact, begin-
ning to exhibit increases. Silica had been increasing since
the decline of the Fragilaria crotonensis maximum.
An alternate explanation may lie in the fact that phyto-
plankton have been reported to absorb nutrients -- phosphorous
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(Mackereth, 1953; Hepher, 1958; Pomeroy, e_t a_l_. , 1963; Hammer,
1964; Macan, 1970) and silica (Hutchinson, 1957; Lund, 1965) --
prior to a pulse. Although not affecting silica, absorption
may have contributed to the declines of nitrites and phosphates
in late October.
Winter Pulse
Following the development of homothermic conditions on
October 24, the lake entered fall overturn. At this time,
there was an increase in turbidity at the lowest sampling
depths. Turbidity values for the uppermost sampling depths
did not increase at an equal rate until December. With the
exception of pH, all other parameters exhibited increases
consistent with the fall overturn.
As the lake became homothermic, increasing turbulence
caused increases in the various parameters. Declining sur-
face temperatures allow increasing turbulence by wind action
and, consequently, uniform cooling as the thermocline drops
(Ruttner, 1963). This was apparent in the dropping thermo-
cline in Barren Lake during October. As the lake became homo-
thermic, increasing turbulence caused increases in turbidity
to occur at the lower levels first. The increase in turbulence
also resulted in a recirculation of reduced substances --
silica, phosphates, nitrogen compounds, bicarbonates, and
other dissolved materials -- from the anaerobic hypolimnion
to the upper layers (Ward and Seibert, 1963; Ruttner, 1963).
Reductive processes occurring in the hypolimnion during the
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period of stagnation results in a build-up in their concen-
trations (Mortimer, 1941, 1942). In this manner, the lake
becomes resupplied with nutrients at the time of the fall
overturn when bottom material is carried to the nutrient im-
poverished upper layers (Hutchinson, 1957).
In late October, phytoplankton rose to a secondary maxi-
mum dominated by Melosira granulata. Melos ira spp. exhibit
a special life cycle which is dependent upon turbulence, as
a result of high sinking rates, for its seasonal periodicity
(Lund, 1964; Hutchinson, 1967; Macan, 1970). The dependence
upon turbulence restricts it to periods of homothermy when
wind action is high.
Different species of Melosi ra are characterized by their
responses to light and temperature. M. italica is considered
to be a low light, low temperature form and M_. granulata a
high light, high temperature form (Hutchinson, 1967). In
Barren Lake, M. granulata was dominant in the summer and fall
when temperature and light were at high levels, and M. italica
was dominant in the spring and winter when temperature and
light were low. Vertically, however, M. granulata dropped
from the surface sooner than did M. italica. This may be
attributed to the relative sizes of the two plankters, M. granu-
lata being the larger, rather than to their temperature or
light requirements. Although erratic in distribution, both
were restricted to the lower levels during the summer, probably
as a result of their dependence upon turbulence for their
position in the water column.
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Synedra spp., with the exception of the month of June,
were present in low numbers throughout the study. They pro-
duced a primary pulse in December and a smaller, secondary
pulse in September. Marshall (1965) reported them as being
winter forms. When they occurred in Barren Lake, major pop-
ulations were produced during the cooler weather or generally
in the cooler layers of the water column during the summer.
Winter Maximum
Melosira granulata never reached the numbers reported by
Lane (1969) for eutrophic areas of Lake Michigan. This may
have been due to the occurrence of a severe flood in June of
1969. Macan (1970) reported that flooding when Melosira spp.
were in the water column caused a reduction in standing crop
due to cropping; such reductions may be noticeable for years
later due to the slow growth rates of Melosira spp. The size
of current populations can affect future populations (Lund,
1955; Macan, 1970). The low numbers of the taxon occurring
in the spring may explain the relatively small size of the
population at its maximum development.
Physical factors such as the degree of turbulence and
the amount of discharge cropping may also affect the size
of the population (Lund, 1955; Macan, 1970). Turbidity values
were higher during the December pulse than they were during
the March pulse; therefore, if they can be considered to be
indicative of the degree of turbulence, turbulence did not
limit the winter pulse. Flushing, on the other hand, has
106
been considered to be a major factor affecting plankton popu-
lations (Findenegg, 1966; Dickman, 1969; Nicola and Borgeson,
1970). Flushing indicates the removal of materials through
an out-flow by the flushing action of inflowing water. In
Barren Lake, discharges were increased during October to
lower the water level from summer pool to winter pool. In
1970, this was completed by November (U. S. Army Corps of
Engineers, unpublished data); therefore, the high discharges
of November reflect surges in inflows -- heavy rain was
recorded during the November sampling. These heavy inflows
may have limited the population maximum by dilution through
plankton-poor inflows and cropping. Discharges of the level
sustained during November represent a replacement rate for
the reservoir of approximately 6-7 days.
Nutrient deficiency may have also limited the size of
the population. The primary nutrient which can be most
closely related to diatom growth is silica. Killiam (1971)
reported the optimum for M. granulata at 13.8 mg/1 and stated
that large populations rarely occur in waters with silica
below 2.0 mg/1. Evans (1962) reported a similar value --
1.6 mg/1 -- as limiting. In Barren Lake, silica did not
achieve concentrations reported as optimum but was always
above the reported limiting level. In this regard, silica
may have limited the size of the final population. It did
increase from a fall low throughout the pulse reaching maxi-
mum value -- 5.54 mg/1 -- following the initial decline of
the pulse. Apparently the effects of overturn offset any
107
reductive effects of diatom activity. This may have been
due to the rather slow growth rate reported for Melosira
(Lund, 1964). Other nutrient parameters -- alkalinity,
nitrites, phosphates, and dissolved solids -- exhibited
increases consistent with overturn and paralleled the rise
and fall of M. granulata. Alkalinity increased to a high of
103.8 mg/1 which is well above the value associated with high
productivity (Moyle, 1946). Apparently, the recycling influ-
ence of overturn exceeded that of the demands of the phyto-
plankton population. It would appear that, with the possible
exception of silica, nutrients were not limiting during the
winter pulse.
Changes in nutrient materials generally did not correlate
with the surge in discharge during November. High flushing
rates have been reported to remove nutrients from a lake
(Nicola and Borgeson, 1970). Either the effects of overturn
were too great or the inflowing water was relatively rich in
dissolved materials. Alkalinity values, however, were lower
than during the spring, but dissolved solids increased. Ni-
trites tended to decline whereas other parameters continued
to increase. Nutrients and dissolved materials were apparently
controlled primarily by a combination of inflows and overturn
during November.
Winter Minimum
The peak of the winter maximum came on December 6. Pop-
ulations then declined throughout the remainder of the study.
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The initial decline -- from December 6 to December 29 -- was
very slow and resembled a mirror image of the gradual increase
that occurred from November 14 to December 6 which coincided
with the surge in discharge. During late December, however,
discharge was below 500 cfs, indicating very little inflow,
and occurred primarily from the upper levels. During this
period, with the exception of phosphates and pH, all other
soluble and suspended materials were stationary at or increas-
ing to winter maxima. Phosphates declined concomitantly with
phytoplankton while pH increased. Light values declined,
following a sharp increase at the peak of the maximum, to
reach seasonal lows on January 16. Temperature also declined
to seasonal lows in January.
The decline of the winter phytoplankton populations was
not due to nutrient depletion or deficiency as its decline
occurred when nutrients were at maximum values. However,
decreases in light and temperature coincided with the decline
of the phytoplankton. Melosira granulata is reported to
prefer high light and temperature (Hutchinson, 1967). Its
population maximum was marked by a peak in winter light inten-
sities. Coinciding with rising turbidity and declining sur-
face light, the euphotic zone reached a seasonal low on
December 29. Low light of the winter period is known to
restrict population growth, and low temperatures are known to
restrict the growth of some taxa. In Barren Lake, decreasing
temperatures could also account for the decline of M. granulata,
Melosira italica -- a low temperature, low light phytoplankter •
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replaced M. granulata during the overall decline. This occurred
despite late increases of light in January, implying that tem-
perature plays the major role in the succession.
Zooplankton also exhibited an increase in late December.
Lund's report (1954) that zooplankters do not appreciably
affect Melosira populations makes it unlikely that they con-
tributed to the decline of the phytoplankton.
In January, there was an increase in inflow as indicated
by the surge in discharge. Coinciding with this increase
were sudden declines in phytoplankton, zooplankton, dissolved
solids, alkalinity, pH, and surface turbidity values. Other
parameters -- silica, phosphates, and nitrites -- did not
exhibit as sharp a decline.
The discharge level of January represented again a re-
placement rate of 6-7 days. Such a rate must be considered
to have contributed to the changes occurring in the reservoir
at this time. As reported earlier, the effect was produced
through the replacement of lake water with water from the
drainage basin poor in dissolved and suspended materials.
Such discharge rates occurred primarily through the utiliza-
tion of the bottom discharge ports. This might partially
explain the increase in turbidity at the lower sampling depths.
Tailwater Plankton Populations
The plankton populations in the tailwater generally cor-
related positively with those of the main pool. During times
of high discharge and when plankton populations were stratified,
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significant differences occurred. Discharge occurred from
the epilimnion except at levels in excess of about 500 cfs
when discharge was also derived in part from the hypolimnion.
Zooplankton
Zooplankton populations in the tailwater were generally
representative of those in the main pool throughout the samp-
ling period with the exception of the spring pulse, on
August 15, and during September (Figs. 24, 25).
During February and March, discharge was primarily from
the bottom ports of the multi-level discharge system. With
the exception of February 7, this produced a higher number
of zooplankters in the tailwater due to discharges from the
plankton-rich hypolimnion. In early February, the zooplank-
ters were concentrated in the upper levels resulting in low
counts in tailwater samples due to plankton-poor hypolimnetic
dis charges.
Extremely low discharges in early April prevented collec-
tion of tailwater samples. Samples were collected in late
April.
Zooplankters moved from their hypolimnetic positions of
March to positions in the epilimnion during the remainder of
the spring and summer months. In late April, tailwater zoo-
plankton populations were significantly higher -- 1140 versus
185/1 -- than those in the upper 3 m of the reservoir from
which the discharge was derived. Abel (1972) reported a
similar condition for the same period. No explanation is
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offered for this phenomenon.
Due to high discharge, samples were not collected from
the tailwater during May. During this period, the zooplank-
ters were present in greatest numbers in the epilimnetic
waters of the reservoir.
During June and July, a period of stable epilimnetic dis-
charge, populations in the tailwater generally corresponded to
those of the main pool where the maximum population density
occurred at 3 m. On July 18, the reverse occurred. When the
maximum population density was at 7.5 m, the tailwater popula-
tion exceeded that of the upper 3 m from which discharge was
occurring. No explanation is offered for these phenomena.
During August, a period of stable epilimentic discharge,
zooplankton populations were concentrated in the epilimnion.
During this period, tailwater populations were consistently
lower than those of the main pool. Population centers did
occur at 4.5 m and may have caused the lower numbers in the
tailwater relative to the main pool as a whole but should not
have affected the tailwater numbers relative to the origin of
the discharge water. No explanation is offered for the low
tailwater populations of August. No samples were available
for August 29.
In September, a sharp drop occurred in the tailwater pop-
ulation which coincided with an increase in discharge. During
this time, the hypolimnion was plankton-poor, especially in late
September, which contributed to the low numbers through dilu-
tion. This condition was more pronounced in early September
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when discharge was lower and when greater numbers were present
in the hypolimnion. No explanation is offered for this
phenomenon.
A return to homothermic conditions in October lessened
the reductive effect of hypolimnetic discharge upon the tail-
water populations. However, some vertical stratification per-
sisted in the main pool populations with slightly larger numbers
associated with the upper layers, between 1 and 7.5 m. This
may have contributed to the lower tailwater populations during
the hypolimnetic discharge of November. Elevated populations
occurred on sampling dates in October, when discharge was, dur-
ing sampling periods, from the epilimnion. Population centers
were at 2 m and 1 m on those dates. No explanation is offered
for this phenomenon.
In December, discharge was again epilimnetic and tailwater
populations, following relative increases in early December,
again became elevated relative to the regions of the lake from
which the discharge was taken. Population maxima were located
at the 1 m level on these dates.
In January, increases in hypolimnetic discharge coincided
with higher numbers in tailwater samples. With the exception
of a low point at 7.5 m, zooplankters were essentially uniformly
distributed. No explanation is offered for the elevated num-
bers in the tailwater.
Phytoplankton
Phytoplankton populations in the main pool correlated
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better with tailwater samples than did zooplankton. However,
exceptions did occur occasionally.
During early spring, tailwater populations were consis-
tently lower than those in the main pool (Fig. 15), when a
high speed sampler was used to collect the tailwater samples.
Its use was eventually discontinued due to destruction of the
sampler by the forces of high discharge. It was this force
which may have accounted for the discrepancies between the
two stations during February. Although some vertical fluc-
tuations occurred in the phytopiankton populations during
February, no minima occurred at the lower depths which would
account for the lower numbers in the tailwater samples. The
reservoir was at winter pool, and, therefore, little water
existed below the deepest sampling point. Discharge in late
March was from the epilimnion; however, phytopiankton numbers
remained significantly lower in the tailwater samples. Sub-
sequent to discontinuation of the high speed plankton sampler
for acquisition of tailwater samples in April, better corre-
lation occurred between phytoplankton densities of the tail-
water and main pool. No samples were obtained for May due
to the high discharge levels of that month.
During the summer, stratification of main pool populations
occurred on more than one occasion. In late June, large popu-
lations of Asterionella formosa formed in the hypolimnion
caused a reduction in the tailwater standing crop when compared
to the main pool values. This discrepancy was also evident
in the main pool levels from which discharge was occurring.
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In early July, concentrations of Cyclotella spp. in the epi-
limnion had the reverse effect. Again, when comparison was
made to the water levels from which discharge was derived,
the discrepancy was still evident. In late July, when main
pool populations produced large hypolimnetic maxima, compari-
son of tailwater populations with those in the main pool,
from which discharge was derived, showed no such discrepancies
No explanation is offered for these phenomena.
In mid-August, tailwater and main pool phytoplankton
populations were considerably different. At this time the
Birge-Juday was inoperative and a substitute pumping method
was utilized for sample collection. For some unknown reason,
this method did not collect many specimens of Fragilari a
crotonens is and the tailwater numbers were much lower than
the main pool numbers.
In October, hypolimnetic discharge occurred again as the
lake entered the drawdown period from summer to winter pool.
This resulted in a reduction of the tailwater populations due
to dilution by plankton-poor bottom waters. In the main pool
at the time of the surge in discharge, a decline in numbers
occurred at the 12 m level. As was the case in August,
samples on October 12 were collected by pumping as a substi-
tute method which may have contributed to the low numbers.
During the remainder of the sampling period, the tail-
water densities paralleled those of the main pool but at
lower densities. During November and January, discharge was
primarily hypolimnetic while in December it was primarily
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epilimnetic. Plankton samples were essentially uniform during
this period. It is possible that dilution from waters below
the deepest sampling depth may have occurred, but the lake
was in complete circulation at this time and thus this is
considered to be unlikely. The same would be true of the
December samples.
In regard to comparisons between main pool and tailwater
populations of selected taxa, many exceptions occurred. Dur-
ing the spring, Melosira spp. were noticeably absent from the
tailwater samples during periods of high discharge. Presum-
ably this was due to the force exerted by the discharge push-
ing the plankters through the net of the high speed sampler.
When the Birge-Juday trap was used during the winter pulse of
Melos ira, this problem was not encountered. Ceratium hirun-
dinella, which occurred in late spring and summer, was not
present in the tailwater samples until main pool averages
rose above 200 cells/1. In late summer, it was absent from
the tailwater samples because of its concentration in the
upper levels when discharge was primarily from the hypolimnion.
Asterionella formosa was also absent from the tailwater
samples during its maximum when it was restricted to the lower
levels during epilimnetic discharge. It was also absent,
during the spring, when its numbers declined below 100 cells/1
in the main pool. Dinobryon sertularia was also absent during
this period. These absences probably were due to the effect
of the high discharge on the retention capability of the high
speed sampler. £. sertularia was also absent in tailwater
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samples during Its period of maximum development, because it
was restricted to lower depths at this time. During December,
when conditions were more uniform in the lake, it did appear
in the tailwater samples. Fragilaria crotonensis, with the
exception of August 15 and the month of February, was gener-
ally present in the tailwater samples. The density of the
tailwater populations was usually lower than that of the main
pool during epilimnetic discharge. Main pool values were
approximated during hypolimnetic discharge. Contributing
to this phenomenon may have been the restriction of major
taxa in the hypolimnion during the summer.
The plankton populations in the tailwater exhibited close
correlation with those at the level from which the discharge
water originated. Discrepancies were attributed to difficul
ties with sampling equipment and extremes in discharge. With
regard to selected taxa, they were generally absent from tail-
water samples when their population density in the main pool
were at a reduced level or when they occurred at levels not
associated with the discharge regime.
SUMMARY
Barren Lake is a flood control reservoir with a dam
equipped with a multi-level outlet. The discharge regime
during the study period was regulated to maintain a summer
pool of 209800 acre feet from April through September by
discharging from the upper 3 m of the reservoir. At other
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times, discharge incorporated lower levels to reach and main-
tain a winter pool of 46000 acre feet.
Based upon chemical and biological characteristics,
Barren Lake may be considered to be mesotrophic. The lake's
levels of alkalinity (range: 44-129 mg/1) averaged 91 mg/1
for the year, ±. e_. , within the eutrophic range. The lake
developed an anaerobic hypolimnion in late summer, and pH
ranged between 7.7 and 8.2. The phytop 1ankton community
was dominated by taxa considered to be characteristic of
both eutrophic and oligotrophic waters, but numbers at
maxima were relatively low (77000-155000 cells/1).
During the study, five major populations of phytoplank-
ters developed. By time of occurrence, at maximum, and the
dominant form(s), they were: 1) March-April, Melosira italica;
2) June, Ceratium hirundinella; 3) July, Asterionella formosa
and Dinobryon sertulari a; 4) August, Fragilaria crotonens is;
and 5) December, Melos ira granulata. Two distinct minima
occurred in February and May. Qualitative and quantitative
changes in the phytoplankton community were attributed to
competition and changes in physical conditions and the dis-
charge regime rather than to changes in the chemical regime.
The February phytoplankton minimum (2159 cells/1)
coincided with high discharge (3600 cfs), high turbidity
(123.8 mg/1), low temperature (3.3 C), and minima in dissolved
solids (80 mg/1), alkalinity (31.7 mg/1), phosphates (0.04 mg/1)
nitrites (0.001 mg/1), silica (2.0 mg/1), and Secchi reading
(0.2 m) . The combination of the diluting and flushing action
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of the large inflows, which amounted to volumes sufficient
to replace existing reservoir waters every 6-7 days, upon
the plankton populations and dissolved materials, in addition
to the poor growing conditions produced by the low temperature,
high turbidity, and low light, contributed to this minimum.
In late March and early April, a combination of increases
in average values for Secchi reading (0.9 m), temperature
(9.4 C), alkalinity (126 mg/1), silica (2.4 mg/1), nitrites
(0.009 mg/1), phosphates (0.16 mg/1), and dissolved solids
(142 mg/1) plus decreases in discharge (flushing rate) to
less than 500 cfs and turbidity (34 mg/1), coincided with a
pulse of Me 1os ira italica. The main factors contributing to
the pulse were concluded to be a combination of the continued
turbulence plus the reduction in discharge. Increases in
temperature and light contributed to the pulse while silica
values, which were below reported optimum values, may have
limited the pulse.
During April, temperature and light continued to rise
until early May when stratification began to occur with a
weak thermocline at 7 m. During this period, the water level
was rising as the lake entered summer pool stage. Dissolved
materials, due to the effects of spring overturn, were at
maximum levels during April and early May and were not felt
to be limiting.
During April and early May, zooplankters achieved a
maximum of 1033 organisms/1. This maximum was not felt to
have affected the phytoplankton due to the dominant taxon's
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(Melosira italica) reported resistance to zooplankton
grazing.
During late May, phytoplankton and zooplankton declined
to seasonal minima of 324 cells/1 and 75 organisms/1, respec-
tively. Coinciding with these declines was a surge in dis-
charge to 3600 cfs. This was concluded to be the main factor
contributing to the spring minimum as the surge in inflowing
water amounted to approximately 2.4 times the reservoir
volume entering in approximately 2.5 weeks.
Also contributing to the decline of Melosira italica
at this time was the loss of turbulence, due to the onset
of stratification, upon this turbulence-dependent phyto-
p1ankter.
In the summer, the lake was stratified with a definite
thermocline between 4.5 and 7.5 m. Vertically, the effects
of stratification were apparent with increases in turbidity
and silica and decreases in oxygen at the lower levels.
Other parameters associated with oxygen concentration (pH,
nitrites, alkalinity, and phosphorous) did not exhibit
significant vertical stratification. This may have been
due to the relatively shallow maximum depth of sampling,
12 m, compared to the reservoir depth of 25 m.
In June, Ceratium hirundinella pulsed to a maximum of
870 cells/1. Its dominance was achieved during a period of
high temperature (22-24 C) and high alkalinity (118.8 mg/1).
Population centers were restricted to upper layers, above
7.5 m, and it disappeared from the community when homothermy
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was achieved at 7.5 C in early December.
When alkalinity declined to seasonal low of 72.9 mg/1
on June 20, £. hirundinella was replaced as the dominant
phytoplankter by Asterionella formosa. The maximum popula-
tion of the latter was restricted to below 6 m due to its
inability to tolerate the high temperatures (24-30 C) of the
upper layers. The penetration of light at this time (euphotic
to 5-6 m) may have contributed to stratification of the popu-
lation. Its occurrence so late in the year was attributed
to its inability to compete with the populations of Melosira
present in the spring. Its decline in early August coincided
with increasing temperature and decreasing light in the
deeper waters. Silica, although declining during the pulse
of A_. formosa, never decreased to the levels reported to be
limiting for this taxon.
Dinobryon sertularia was associated seasonally and
spatially with the maximum of A_. formosa. Its maximum popu-
lation density of 493 cells/1 occurred on August 1 at the
same depths occupied by its diatom co-dominant.
Following the decline of A. formosa and ID. sertularia,
Fragilaria crotonensis dominated a phytopiankton maximum in
late August and early September. It succeeded A. formosa
probably as a result of its ability to utilize nutrients
more efficiently, particularly silica, and its apparently
greater tolerance of high temperatures (23.5-29.0 C). Its
subsequent decline corresponded to decreases in temperature
and depth of light penetration and an increase in discharge
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to 1000 cfs in late September.
Homothermy was achieved at 19 C in October, and the lake
entered fall overturn. As was expected, increases in dissolved
materials were observed during this period.
Following the decline of Fragilaria crotonensis, Melosira
granulata achieved dominance of a phytoplankton pulse at a
density of 47062 cells/1 on December 6. The winter pulse of
Melosira was dominated by M. granulata as opposed to domina-
tion of the spring pulse by M. italica because of the lower
temperatures (7-9 C) of December. The development of the
population of ML granulata was enhanced by the rise in tur-
bulence and nutrient increases at fall overturn.
The size of the population was influenced by the level
of silica, which never reached the optimum level reported
for M. granulata, and by the cropping influence of the surge
in discharge (inflows) to 3600 cfs occurring in November.
It is possible that the cropping effects of a previous flood
(June, 1969) may also have affected the ultimate size of
the populations.
In January, sharp decreases in phytoplankton populations
and dissolved materials coincided with elevated discharges
(3600 cfs). Contributing to the phytoplankton decline were
continued decreases in temperature to a seasonal low of
4.7 C and light to a seasonal low (Secchi reading, 0.35 m).
The primary controlling factors for seasonal and spatial
succession of the phytoplankton community in the main pool
were concluded to be the physical effects of changing light,
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temperature, turbidity, turbulence, and discharge. Nutrients,
although fluctuating with phytoplankton populations, were
above reported limited values.
The plankton populations in the tailwater generally
correlated positively with those of the main pool. Phyto-
plankton populations correlated more closely than did the
zooplankton, which was generally of lower density than
zooplankton of the main pool.
Discrepancies between main pool and tailwater popula-
tion values were attributed to difficulties with sampling
equipment during periods of high discharge and to the nature
of the discharge regime itself. When plankton populations
were concentrated at levels not associated with the discharge
regime, tailwater populations were usually lower than those
of the main pool. In regard to specific taxa, low main
pool populations, usually below 200 cells/1, or stratifi-
cation of populations at levels not associated with the
discharge regime as occurred in July, produced low numbers
in the tailwater samples.
Appendix 1 Light values (lux), lower limit of euphotic zone (EZ), Secchi
disc reading (SD) , and cloud cover (CC: -,clear; +,partly
cloudy; ++,overcast) of Barren Lake, main pool, January, 1970
January, 1971. All depths expressed in meters.
Date
J-30
F-7
F-27
M-21
A-11
A-24
M-8
M-22
J-5
J-20
J-4
J-18
A-l
A-15
A-29
S-12
S-26
0-12
0-24
N-14
D-6
D-29
J-16
0
63000
20000
18000
58000
65390
98000
42850
42000
43750
20300
8570
9000
3600
29000
22550
24800
0.5
43000
15370
17000
10300
35170
41500
8570
20750
16230
5200
675
550
275
19850
12630
14430
1
30000
12230
8300
10280
27000
27000
5860
15335
15780
4060
520
225
100
3850
195
2700
2
18000
7690
7700
10000
11000
18000
4280
12600
15000
3380
385
105
30
900
2 5
675
3
5600
5410
7200
9450
9000
10800
2930
8350
11275
2700
225
30
20
200
0
180
4.5
3970
3465
6500
7890
5860
5400
675
5635
8560
1800
55
0
0
20
0
0
6
2035
2165
6050
2700
4060
2250
335
2930
2300
50
0
0
0
0
0
0
7.5
1060
1400
5450
1660
2700
1120
150
1050
550
0
0
0
0
0
0
0
9
720
960
4700
600
940
520
70
425
180
0
0
0
0
0
0
0
12
108
95
230
155
380
135
10
55
20
0
0
0
0
0
0
0
16
20
25
30
20
45
20
0
0
0
0
0
0
0
0
0
0
18
0
0
0
0
0
10
0
0
0
0
0
0
0
0
0
0
EZ
2.1
1.0
3. 7
2. 7
3. 5
3.5
9. 7
11.0
12. 5
12.0
10.5
7.9
5. 3
9.0
8. 2
5. 8
4. 3
2.1
1.9
2. 7
1 . 0
2.6
SD
0. 5
0.2
1. 3
0.6
1.2
1. 2
4. 3
7. 3
5. 8
2. 7
4.0
3. 1
2.4
2. 4
2. 1
1. 1
1 . 1
0. 7
0.6
0. 3
0. 3
CC
+ +
-
-
+
+ +
+
-
+ +
+ +
-
-
-
+ +
+
-
+
+ +
+ +
+
-
+
+
Appendix 2. Water temperature of Barren Lake, main pool, February, 1970 -
January, 19 71.
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8
8
8
8
8
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17
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.0
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.2
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. 3
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3.
3.
3.
3.
3.
3.
3.
3.
3.
7
5
2
2
2
2
2
2
2
3
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29.
29
28
28
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23
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26
0
0
5
5
0
.0
. 8
.0
. 5
.0
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7
6
7
8
7
7
7
7
7
7
, 9
.9
.5
.0
.9
.9
.0
.9
.0
. 5
A-29
28
28
28
28
28
26
26
19
17
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.5
.5
.5
. 5
.5
.0
.0
.0
.0
.6
A-11
12.
12.
11.
11.
11.
11.
11.
11.
11.
0
0
9
5
0
1
0
0
5
S-12
26.
26.
26.
26.
26.
26.
23.
22.
16.
24.
8
5
0
0
2
2
5
5
0
4
A-2 5
16.0
16.0
16.0
15. 8
15. 8
15.5
14.5
14. 5
13. 5
15.4
S-26
26. 0
26.0
26.0
26.0
26. 0
26.0
24.0
21.0
17.5
24.3
M-8
22.0
21. 8
21. 8
21.0
20.0
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Appendix 3. Turbidity (Jackson Units) of Barren Lake, main pool, February,
1970 - January, 1971.
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Appendix 4. Total alkalinity (mg/1) of Barren Lake, main pool, February,
1970 - January, 1971.
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Appendix 8. Dissolved oxygen (mg/1) of Barren Lake, main pool, February,
1970 - January, 1971.
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Appendix 9. Dissolved oxygen (% saturation) of Barren Lake, main pool,
February, 1970 - January, 1971.
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Appendix 10. pH of Barren Lake, main pool, February, 1970 - January, 1971.
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Appendix 11. Silica (mg/1 SiO2) of Barren Lake, main pool, February, 1970 -
January, 1971.
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Appendix 13. Total phytop 1ankton (number/1) of Barren Lake, main pool and
tailwater, February, 1970 - January, 1971.
Sampling Date
z; o.o
u 1.0
# 2.0
£ 3.0
£ 4.5
si 6.0
+J 7 tr
ao 12.0
X
TW
^ 0.0
? i.o
e 3.0
~ 4.5
5 6.0
o. 7.5
£ 12.0
X
TW
F-7
2581
4500
3350
3537
4093
2675
4562
5475
3846
390
A-l
3175
3325
3425
3250
6725
4950
5487
8283
4828
3000
F-27
2237
2187
2257
2237
1625
1845
1245
5000
2351
283
A-15
3950
4425
8575
11050
20713
17537
15725
3575
10704
1650
M-21
8926
7770
5762
9775
7782
9081
8850
8400
8293
,_ 1426
A-29
67400
L31821
L46837
L57975
200800
229038
210775
45212
L48731
87050
A-ll
9000
7400
7175
4900
9550
2300
9050
7250
7078
S-12
47925
73323
78425
57925
73287
69375
115200
55050
71132
16950
A-2 5
4425
5050
3950
5425
5275
4550
2575
2675
4241
2900
S-26
7627
5387
6000
4400
3075
2650
3925
1562
4205
5005
M-8
950
1905
1763
2328
3700
4400
5205
1410
2708
0-12
3307
5650
4175
2400
3212
1425
5462
1725
3420
609
M-22
400
420
712
612
445
362
262
200
377
0-24
4750
4500
4000
4025
4100
3462
3350
3670
4014
4050
J-5
2912
3187
2600
2825
3675
3300
2025
2512
2880
3500
N-14
64775
53375
63387
68512
52412
71450
51700
64850
61308
8242
J-20
1112
1387
1175
1675
1125
2157
2262
10375
2658
800
D-6
72850
122675
77650
72950
73825
70150
79650
61662
78716
52050
J-4
2512
4107
3437
6550
9887
6275
6012
6950
5704
7050
D-29
35637
46362
48900
66412
81625
73650
74225
87962
64347
3667
J-18
900
1157
1012
1600
1280
5100
17337
12525
5114
1150
J-16
9012
7537
6225
7637
7575
9925
5975
9612
7938
883
TW = Tailwater
tn
Appendix 14 Taxonomic composition of the phytop 1ankton of Barren Lake, main pool,
expressed as per cent of total, February, 1970 - January, 1971.
Taxonomic Group
D
at
e
F-7
F-27
M-21
A-ll
A-25
M-8
M-22
J-5
J-20
J-4
J-18
A-l
A-15
A-29
S-12
S-26
0-12
0-24
N-14
D-6
D-29
J-16
3c
Chryso-
phyta*
16.40
3. 20
15. 70
0. 30
1 .60
1 . 30
9.40
12. 30
3.60
0. 20
0.20
3.90
0. 35
1 .00
0. 53
1 .60
1.04
0.90
3. 34
Crypto-
phy ta
13.60
0. 20
0. 60
0. 70
0. 20
0. 70
0. 40
0. 03
0.08
0.08
0. 75
Bacillario-
phyceae
58. 70
67. 10
81. 70
92. 50
79.00
97. 30
24. 80
67. 33
78.50
80.60
77. 80
54. 30
86.00
93.40
95. 80
70. 80
85. 37
85. 72
98. 17
97.50
98. 44
97. 74
80. 40
Chloro-
phy ta
1. 50
22. 20
1.20
0.60
2.00
0.60
5.00
1.90
0. 30
4. 79
4.90
20. 30
5. 71
0. 33
0. 70
3.00
2.66
4.00
0.50
0.45
0. 13
0. 35
3. 78
Pyrrho-
phy ta
1. 00
0. 30
41.00
30. 60
12.20
7. 10
0.40
0. 40
0. 30
0. 22
1.06
2.60
0. 08
4. 38
Cyano-
phyta
0. 10
0. 20
4. 10
0. 70
0. 09
0. 13
1.96
0.90
0. 70
0.03
0. 18
0. 15
0. 16
0. 43
Eugleno-
phyt a
4.50
7. 50
1.00
1. 80
4. 50
0.40
1.00
0. 50
2. 10
0.01
0. 06
7.90
2. 70
3.00
0. 05
0.02
0. 23
0. 30
1. 71
Others
5. 40
1. 20
6.60
14. 60
28. 50
4.50
10. 50
6. 30
7. 40
1. 40
0. 02
2. 33
12. 12
6. 80
3. 00
0. 07
0. 30
5. 05
^excluding diatoms (Bacillariophyceae) O\
Appendix 15. The seasonal occurrence and spatial distribution (number/1)
o f
 Asterionella formosa in Barren Lake, main pool and tail-
water, February, 1970 - January, 1971.
Sampling Date
^ o.o
n 1.0
£ 2.0
£ 3.0
B
 4.5
si 6.0
+" 7 •;
0) 12.0
X
TW
F-7
31
25
25
2 5
2 5
16
2
F-27
12
25
112
12
2 5
75
33
M-21
7 5
9
A-11
100
200
38
A-2 5
150
75
175
50
25
50
66
M-8
75
100
104
525
35 0
144
M-22 J-5
200
25
J-20
225
2137
295
J-4
187
375
900
2950
552
J-18
50
600
12775
5700
2384
500
en
u
0)
0)
X!
+J
Q
0.0
1.0
2.0
3.0
4.5
6.0
7.5
12.0
X
TW
A-l
150
150
925
1850
384
250
A-15
750
200
119
A-29 S-12 S-26 0-12 0-24
75
9
200
N-14
137
400
50
75
25
25
231
D-6
150
100
338
225
200
127
50
D-29
175
200
175
475
275
325
425
475
316
72
J-16
175
50
50
34
TW = Tailwater
Appendix 16 The seasonal occurrence and spatial distribution (number/1)
of Ceratium hi rundinella in Barren Lake, main pool and tail-
water, February, 1970 - January, 1971.
Sampling Date
- o.o
u 1.0
4J Z • U
C 3'°£ 4.5
x: 6.0
+J IK
<D 12.0
X
TW
F-7 F-27 M-21 A-11 A-25
2 5
150
25
25
50
25
50
M-8
2 5
5
2 5
10
8
M-22
inn
95
262
362
295
112
137
75
180
J-5
121 2
987
10 75
975
925
850
400
537
870
900
J-20
187
200
125
225
250
307
36 2
500
269
125
J-4
1 12
150
187
200
350
425
312
1750
436
100
J-18
50
5
50
50
19
"£ 0.0
w i Q
1) -1- • u
+> 2.0
1 3.0
-" 4.5
5 6.0
o, 7.5
£ 12.0
X
TW
A-l
25
50
25
25
25
19
25
A-15
25
75
12
A-29
25
25
25
9
100
S-12
50
7
75
25
25
23
S-26
12
25
25
25
11
0-12
25
75
37
25
62
12
36
35
0-24
150
125
137
75
175
112
87
108
100
N-14
82
82
112
75
75
50
60
26
D-6
25
25
6
D-29 J-16
TW = Tailwater CM
00
Appendix 17. The seasonal occurrence and spatial distribution (number/1)
of Cryptomonas sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
fO -
u
-p
0)
X!
•p
0)
0.0
1.0
2.0
3.0
4.5
6.0
7.5
12.0
X
TW
F-7
550
975
400
400
650
650
550
375
568
8
F-2 7 M-21
25
25
25
25
25
16
A-11 A-25
100
100
25
28
150
M-8 M-22
25
3
J-5
25
25
6
J-20 J-4 J-18
m 0.0
M 1 Q
1) X' U
+> 2.0
e 3.o
- 4.5
5 6.0
Ou 7.5
3 12.0
X
TW
A-l
100
2 5
25
5 0
75
34
150
A-15
25
50
50
50
2 5
75
50
41
A-29
50
25
125
200
25
53
150
S-12
75
175
75
2 5
150
63
S-26 0-12
25
3
0-24 N-14 D-6
25
3
D-29 J-16
TW = Tailwater
ID
Appendix 18. The seasonal occurrence and spatial distribution (number/1)
of Cyclotella spp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
^ o.o
u 1.0
\u o n
g 3.0
£ 4.5
5 S-2
n 7-5Q) 12.0
X
TW
F-7
125
100
100
50
25
150
75
78
F-27
75
50
100
50
50
25
175
66
6
M-21
875
575
600
550
500
625
675
1025
678
165
A-ll
1000
350
750
750
950
100
400
750
631
A-25
225
225
150
175
275
250
375
225
237
350
M-8
150
600
500
550
225
150
100
50
291
M-22
50
25
25
75
75
50
50
J-5
1350
2075
1325
1600
1975
1750
700
875
1456
1450
J-20
1 2 5
2 50
150
250
4 75
450
525
25
344
200
J-4
32 50
2925
2350
4675
7800
3675
1700
825
3400
7350
J-18
400
5 00
575
650
475
1275
1150
550
697
500
w 0.0
M in
1> •*•'u
•K 2.0
| 3.0
w
 4.5
5 6.0
cu 7.5
£ 12.0
X
TW
A-l
1050
750
1325
1125
1500
1150
1100
400
1050
1550
A-15
300
450
625
550
475
350
575
275
450
400
A-29
325
400
550
400
675
400
375
75
441
600
S-12
400
425
600
450
225
525
150
150
422
100
S-26
2 75
450
325
350
250
150
200
75
295
300
0-12
225
225
150
200
25
125
125
150
156
43
0-24
225
200
50
100
50
100
100
75
113
250
N-14
325
150
225
50
225
175
175
156
70
D-6
300
400
275
275
75
200
125
75
244
700
D-29
100
125
325
25
250
75
100
100
134
26
J-16
50
75
75
75
25
25
225
69
13
TW = Tailwater
Appendix 19 The seasonal occurrence and spatial distribution (number/1)
of Dinobryon sertulari a in Barren Lake, main pool and tail-
water, February, 1970 - January, 1971.
Sampling Date
«
 0
-
0
u 1.0
$ 2.0
i 3.0
- 4.5
si 6.0
+J 7 c
« 12.0
X
TW
F-7
2 75
625
400
52 5
125
125
400
350
F-27
5 0
75
7 5
2 5
25
31
M-21
7 5
50
5 0
100
100
41
A-11
100
100
25
A-25
2 5
2 5
25
2 5
12
M-8
25
2 5
2 5
2 5
12
M-22 J-5 J-20 J-4
3 7 5
32 5
200
75
122
25
J-18
1475
162 5
125
403
to
u
•p
CD
e
a*
CD
a
0.0
1.0
2.0
3.0
4.5
6.0
7.5
12.0
X
TW
A-l
25
25
25
1100
2150
600
25
494
A-15
25
25
1950
450
306
A-29
150
850
150
75
153
S-12
25
50
25
25
25
19
S-26
50
75
75
125
100
25
56
0-12
25
3
0-24 N-14 D-6
225
125
150
50
25
25
75
84
150
D-29
450
250
325
250
325
200
200
250
61
J-16
TW = Tailwater
Appendix 20 The seasonal
of Fragi1ari a
occurrence
crotonens is
water, February, 1970
and spatial distribution (number/1)
in Barren Lake, main pool and tail-
- January, 19 71.
Sampling Date
rn
te
r
CD
Si
-P
Di<D
I—1
0.0
1.0
2.0
3.0
4.5
6.0
7.5
12.0
X
TW
F-7
2 5
2 5
5 0
9
F-27
100
42 5
M-21 A-11 A-25 M-8 M-22 J-5 J-20 J-4 J-18
w 0.0
w in
•p 2.0
| 3.0
4.5
5 6-°
ft 7.5
$ 12.0
X
TW
A-l
525
100
78
700
A-15
825
400
5200
6925
15300
10150
6450
850
5763
A-29
65500
130750
143900
155475
197125
225050
259525
42700
145371
82500
S-12
44500
70625
75125
55000
70875
66625
112375
52625
68469
13000
S-26
5650
3000
3575
1825
550
1000
2125
750
2309
3250
0-12
1875
4200
2700
1475
1725
550
3375
875
2103
374
0-24
500
700
1250
625
625
625
1875
775
1000
N-14
425
325
325
175
1625
550
600
3525
950
297
D-6
1125
300
178
750
D-29 J-16
225
375
70C
162
766
TW = Tailwater
Appendix 21 The seasonal occurrence and spatial distribution (number/1)
of Mallomonas caudata in Barren Lake, main pool and tail-
water, February, 1970 - January, 1971.
Sampling Date
~ o.o
U 1.0
£ 2.0
C 3'°
*-- 4.5
j= 6.0
£ 12-°
X
TW
^ 0.0
!|! i.o
% 2'°1 3.0
"~" 4.5
•5 6 - °a, 7.5
^ 12.0
X
TW
F-7
275
312
75
175
250
200
200
125
202
4
A-l
25
25
100
175
100
50
75
69
F-27
150
75
50
50
25
25
25
44
A-15
175
25
25
125
25
47
M-21
1550
1450
550
1100
1425
1625
1700
1000
1250
300
A-29
25
25
6
A-11
S-12
25
25
150
175
125
175
84
A-25
50
125
100
125
50
50
25
66
S-26
75
75
75
25
31
M-8
0-12
25
25
25
9
9
M-22
0-24
25
50
75
25
50
50
50
12
42
J-5
N-14
412
375
375
262
287
300
87
200
287
26
J-20
D-6
325
225
75
200
150
100
75
143
250
J-4
25
50
50
125
75
41
50
D-29
25
100
16
9
J-18
25
150
175
225
78
J-16
50
25
25
50
125
75
43
TW = Tailwater
Appendix 22 The seasonal occurrence and spatial distribution (number/1)
of Melosira granulata in Barren Lake, main pool and tail-
water, February, 1970 - January, 1971.
Sampling Date
u 1.0
$ 2.0
S 3.0
- 4.5
£ 6.0
•P 7 c:
Q) 12.0
X
TW
F-7
200
100
50
43
8
F-27
150
125
25
38
12
M-21
525
525
1350
1950
1325
850
1000
1825
117
400
A-11
1850
1250
1200
1250
800
50
1900
850
1144
A-2 5
1175
525
1175
1750
1275
1250
225
1225
1075
1300
M-8
200
300
1300
225
M-22 J-5
75
50
625
600
600
850
350
J-20
250
100
4175
566
J-4
175
75
375
1775
950
419
100
J-18
100
150
475
475
575
300
2900
622
m 0.0
1 3.0
~ 4.5
5 6.0
Oi 7.5
£ 12.0
X
TW
A-l
125
100
75
50
2975
416
50
A-15
25
225
200
4175
225
606
A-29
25
75
50
425
975
1425
372
S-12
32 5
275
400
450
181
S-26 0-12
625
225
425
300
700
475
1300
350
550
500
0-24
2900
3400
2750
2475
2175
2375
2075
1350
2438
1100
N-14
54025
43675
51450
62275
38875
58275
51975
46950
50938
41737
D-6
38700
72350
45875
42300
45425
40425
51325
40100
47062
31100
D-29
25025
33525
35725
50755
63250
57600
51725
66500
48013
1076
J-16
5325
535C
4175
4875
340C
685C
290C
4725
4700
109
TW = Tailwater
Appendix 23. The seasonal occurrence and spatial distribution (number/1)
of Melos ira granulata var. angus tis s ima in Barren Lake, main
pool and tailwater, February, 1970 - January, 1971.
Sampling Date
u 1.0
jU 2.0
E 3.0
~ 4.5
J3 6.0
-P 7 t
Q) 12.0
X
TW
F-7 F-27 M-21
25
50
25
12
180
A-11 A-25 M-8
400
475
2225
2800
2575
550
1128
M-22 J-5 J-20
50
1100
143
J-4 J-18
CO
u
0)
E
Q
0.0
1.0
2.0
3.0
4.5
6.0
7.5
12.0
X
TW
A-l A-15 A-29 S-12 S-26 0-12 0-24 N-14
3725
3300
6300
2050
5400
5025
5525
10025
5634
122
D-6
8550
12200
3925
8375
8125
7650
5600
6200
7578
5400
D-29
4225
ins
3850
4350
7600
5075
6175
8900
5369
J-16
825
450
725
925
800
250
700
125
600
TW = Tailwater
Appendix 24 The seasonal occurrence and spatial distribution (number/1)
of Melos ira itali ca in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
^ o.o
u 1.0
£} 2.0
§ 3.0
~ 4.5
xi 6.0
-P IK
0) 12.0
X
TW
F-7
525
1225
1750
1400
1200
1100
2150
2925
1534
60
F-27
375
500
775
525
625
650
525
1725
712
38
M-21
4700
4950
2500
5075
3575
6200
4550
3300
4356
5000
A-11
6950
5850
4850
3000
7950
2150
6700
5350
5350
A-25
2225
3450
1450
3000
3175
2650
1425
1025
2300
950
M-8
625
1050
700
1175
1000
575
775
725
829
M-22
50
25
150
150
25
50
56
J-5
50
125
150
50
75
100
125
84
J-20
100
50
75
100
75
175
225
75
109
100
J-4
175
200
175
225
150
125
25
75
144
J-18
50
50
50
50
2425
328
tn 0.0
!j! 1 . 0
^
 2
-°1 3.0
~ 4.5
xi 6.0
a, 7.5
£ 12.0
X
TW
A-l
25
25
100
325
100
800
178
A-15
50
700
300
325
184
100
A-29 S-12
100
75
100
34
S-26
50
25
1525
75
209
450
0-12
225
175
250
100
175
50
122
1450
0-24
200
75
75
100
700
75
175
250
194
400
N-14
4450
4475
3675
2775
4425
5175
2400
4600
3997
1111
D-6
20775
32825
20400
19525
18150
19550
17800
13000
20253
1365
D-29
4975
8650
7900
9225
9050
8800
14450
10525
9197
2196
J-16
2450
1350
950
1550
2050
2650
1375
3600
1997
61
TW = Tailwater
O\
Appendix 25. The seasonal occurrence and spatial distribution (number/1)
of Pedi astrum duplex in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
w -
u
-p
-^'
£1
-P
Oi0)
0.0
1.0
2.0
3.0
4.5
6.0
7.5
12.0
X
TW
F-7 F-27
75
9
M-21 A-11 A-25 M-8
25
25
6
M-22 J-5 J-20 J-4 J-18
25
25
25
50
125
75
600
47
w 0.0
ij! 1 . 0
I 3.0
4.5
5 6.0
Di 7.5
% 12.0
X
TW
A-l
600
500
600
700
400
425
125
475
250
A-15
4 25
250
375
725
525
425
175
405
300
A-29
75
inn
50
125
125
50
50
66
200
S-12
75
7^
100
25
25
50
25
65
S-26
50
25
9
0-12
? ^
?*
6
0-24
75
25
6
N-14
qn
25
25
25
18
17
D-6
?q
25
6
D-29
2 5
25
6
52
J-16
25
3
TW = Tailwater
Appendix 26, The seasonal occurrence and spatial distribution (number/1)
of Rhi zos oleni a eriens is in Barren Lake, main pool and tail-
water, February, 1970 - January, 1971.
Sampling Date
~ o.o
u 1.0
$ 2.0g 3-°
- 4.5
ja 6.0
o. 7'50) 12.0
X
TW
F-7 F-27 M-21 A-11 A-25 M-8 M-22 J-5 J-20 J-4
125
50
22
J-18
100
625
25
94
u
0)
Q
0.0
1.0
2.0
3.0
4.5
6.0
7.5
12.0
X
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Appendix 27. The seasonal occurrence and spatial distribution (number/1)
of Synedra spp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
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Appendix 28. The seasonal occurrence and spatial distribution (number/1)
of Achnanthes spp. in Barren Lake, main pool and tailwater,
February, 1970- January, 1971.
Sampling Date
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Appendix 29 The seasonal occurrence and spatial distribution (number/1)
of Anab aena sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
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Appendix 30. The seasonal occurrence and spatial distribution (number/1)
of Anacystis sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
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Appendix 31. The seasonal occurrence and spatial distribution (number/1)
of Ankistrodesmus convolutus in Barren Lake, main pool and
tailwater, February, 1970 - January, 1971.
Sampling Date
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Appendix 32. The seasonal occurrence and spatial distribution (number/1)
of Ankistrodesmus falcatus in Barren Lake, main pool and
tailwater, February, 1970 - January, 1971.
Sampling Date
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Appendix 33. The seasonal occurrence and spatial distribution (number/1)
o f
 Asterococcus sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
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Appendix 34. The seasonal occurrence and spatial distribution (number/1)
of Botrydiops is sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
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Appendix 35 The seasonal occurrence and spatial distribution (number/1)
of Chloridella cysti formis in Barren Lake, main pool and
tailwater, February, 1970 - January, 1971.
Sampling Date
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Appendix 36 The seasonal occurrence and spatial distribution (number/1)
of Chroococcus sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 37. The seasonal occurrence and spatial
of Chrysococcus sp. in Barren Lake,
February, 1970 - January, 1971.
di s tribution
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Appendix 38, The seasonal occurrence and spatial distribution (number/1)
of Closteriopsis sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
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Appendix 39 The seasonal
of Closterium
occurrence and spatial distribution (number/1)
spp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 40. The seasonal
of Coelastrum
February,
occurrence and spatial distribution (number/1)
sp. in Barren Lake, main pool and tailwater,
TF70 - January, 1971.
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Appendix 41. The seasonal occurrence and spatial distribution (number/1)
of Cosmarium sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
to -
u
-p
F
•P
04-
n
0 .0
1.0
2 . 0
3 .0
4 . 5
6 .0
7.5
12.0
X
TW
F - 7 F-2 7 M-21
25
75
25
50
22
A-11 A-25 M-8 M-22 J - 5 J-20 J - 4 J-18
to
0)
I
Xi
•p -
n
0 . 0
1 .0
2 . 0
3 . 0
4 . 5
6 .0
7 . 5
12.0
X
TW
A - l A-15 A-29
12
1
S-12 S-26 0-12
50
6
0-24 N-14 D-6 D-29 J-16
TW = Tailwater
Appendix 42. The seasonal occurrence and spatial distribution (number/1)
Or
* Crucigeni a sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 43. The seasonal occurrence and spatial distribution (number/1)
of Cymbella sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
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Appendix 44. The seasonal occurrence and spatial distribution (number/1)
of Desmidiurn grevelii in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 45 The seasonal occurrence and spatial distribution (number/1)
of Diatoma sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 46. The seasonal occurrence and spatial distribution (number/1)
of Epithemia sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 47. The seasonal occurrence and spatial
of Euastrum sp. in Barren Lake
February, 1970 - January, 1971
distribution (number/1)
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Appendix 48. The seasonal occurrence and spatial distribution (number/1)
of Eudorina sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 49. The seasonal occurrence and spatial distribution (number/1)
of Euglena sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 50. The seasonal occurrence and spatial distribution (number/1)
of Eunotia pectinalis in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 51 The seasonal occurrence and spatial distribution (number/1)
of Golenkini a sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 52. The seasonal occurrence and spatial distribution (number/1)
of Gomphonema sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 53. The seasonal occurrence and spatial distribution
of Gonium sociale in Barren Lake,
February, 1970 - January, 1971.
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Appendix 54. The seasonal occurrence and spatial distribution (number/1)
of Gymnodinium sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 55 The seasonal occurrence and spatial distribution (number/1)
of Lagerheimia sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 56 The seasonal occurrence and spatial distribution (number/1)
of Melosira varians in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 57. The seasonal occurrence and spatial distribution (number/1)
of Mi cractinium sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 58. The seasonal occurrence and spatial distribution (number/1)
of Navicula spp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 59 The seasonal occurrence and spatial distribution (number/1)
of Nit zs chia spp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 60. The seasonal occurrence and spatial distribution (number/1)
of Oocystis sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 61 The seasonal occurrence and spatial distribution (number/1)
°f Ophiocytium sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 62 The seasonal occurrence and spatial distribution (number/1)
°f Oscillatoria sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 63. The seasonal occurrence and spatial distribution (number/1)
of Pandorina morum in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 64. The seasonal
of Pediastrum
occurrence
biradi atum
tailwater, February, 1970 - January, 1971
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Appendix 65. The seasonal occurrence and spatial distribution (number/1)
of Pediastrum simplex in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 66. The seasonal occurrence and spatial distribution (number/1)
of Phacus spp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 67. The seasonal occurrence and spatial distribution (number/1)
of Pinnularia sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 68. The seasonal occurrence and spatial distribution (number/1)
°f Planktosphaeria sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 69 The seasonal occurrence and spatial distribution (number/1)
of Pleurotaenium sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 70 The seasonal
of Rhopalodia
February, 1970 -
occurrence and spatial distribution (number/1)
sp. in Barren Lake, main pool and tailwater,
January, 1971.
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Appendix 71. The seasonal occurrence and spatial distribution (number/1)
of Scenedesmus acuminatus in Barren Lake, main pool and
tailwater, February, 1970 - January, 1971.
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A p p e n d i x 7 2 . The seasonal occurrence and spatial distribution (number/1)
°f Scenedesmus bijuga in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 73, The seasonal occurrence and spatial distribution (number/1)
of Scenedesmus quadri cauda in Barren Lake, main pool and
tailwater, February, 1970 - January, 1971.
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Appendix 74. The seasonal occurrence and spatial distribution (number/1)
°f Selenastrum sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 75. The seasonal occurrence and spatial distribution (number/1)
of Spirogyra sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 76. The seasonal occurrence and spatial distribution (number/1)
of Staurastrum spp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 77. The seasonal
of Tetraedron
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Barren Lake
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Appendix 78. The seasonal occurrence and spatial distribution (number/1)
of Trachelomonas spp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 79. The seasonal occurrence and spatial distribution (number/1)
of Tribonema sp. in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
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Appendix 80. The seasonal
of Ulothrix
February, 1970 -
occurrence and spatial distribution
sp. in Barren Lake, main pool and
January, 1971.
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Appendix 81 The seasonal occurrence and spatial distribution (number/1)
of total zooplankton in Barren Lake, main pool and tailwater,
February, 1970 - January, 1971.
Sampling Date
u 1.0
$ 2.0
g 3.0
- 4.5
.c 6.0
+J 7 t:
a<D 12.0
X
TW
~m 0.0
H in
+J 2.0
i 3.0
~ 4.5
J3 6.0
0. 7.5
# 12.0
X
TW
F-7
75
100
50
50
50
41
23
A-l
85
317
400
111
480
280
165
67
271
200
F-2 7
25
75
13
25
A-15
30
280
242
282
400
375
175
55
230
155
M-21
50
25
50
16
200
A-29
97
325
312
357
417
185
152
37
235
A-11
50
150
200
50
56
S-12
82
182
195
205
245
185
155
132
173
15
A-25
127
195
232
212
160
45
52
37
120
1140
S-26
182
200
390
235
317
142
160
17
205
120
M-8
555
672
1432
1535
1917
698
1055
340
1033
0-12
175
127
230
150
130
162
102
162
155
180
M-22
35
85
92
110
82
72
87
35
75
0-24
112
145
105
117
102
105
102
42
104
155
J-5
47
55
120
170
85
85
37
52
89
57
N-14
90
97
140
135
142
157
185
130
135
90
J-20
92
145
107
117
105
150
132
52
113
120
D-6
77
172
90
127
97
135
102
102
124
90
J-4
122
207
175
237
442
267
185
155
224
180
D-29
125
757
215
165
187
135
142
102
166
300
J-18
22
225
280
337
272
520
585
150
298
275
J-16
40
7,7
40
30
3 7
42
17
3 7
33
4 5
TW = Tailwater O
LITERATURE CITED
Abel, D. G. 1972. Spatial distribution and temporal
occurrence of rotifers in the main pool and tailwater
of Barren Lake, Kentucky. M.S. Thesis, Western
Kentucky University, Bowling Green. 104 p.
Amren, H. 1964. Ecological studies of zooplankton popula-
tions in some ponds on Spitsbergen. Zoll. Bidrag.
Uppsala 36:162-191.
Anderson, G. C. 1955. A note on the phyto-zooplankton
relationships in two lakes in Washington. Ecology
36:757-759.
Anonymous. 1965. Standard Methods for the Examination of
Water and Wastewater. American Public Health
Association, New York. 769 p.
Anonymous. 1969. Hach procedures for water and sewage
analysis using B $ L Spectronic 20 Colorimeter. Hach
Chemical Company, Ames, Iowa. 115 p.
Bamforth, S. S. 1958. Ecological studies on the planktonic
protozoa of a small artificial pond. Limnol. Oceanogr.
3:398-412.
Barlow, J. P. and J. W. Bishop. 1965. Phosphate regenera-
tion by zooplankton in Cayuga Lake. Limnol. Oceanogr.
10:15-23.
Benson, N. G. and B. C. Cowell. 1967. The environment
and plankton density in Missouri River reservoirs.
Res. Fishery Resources Symposium: 358-373.
Biswas, S. 1966. Oxygen and phytoplankton changes in the
newly forming Volta Lake in Ghana. Nature 209:218-219.
Bradly, W. H. and M. E. Beard. 1967. Mud Lake Florida --
algae and alkaline brown water. Limnol. Oceanogr.
14:889-897.
Carter, J. 1969. Pre- and post-impoundment surveys on
Barren River. Report, Project F-16-R, Kentucky Division
of Fisheries. 33 p.
Chandler, D. C. 1942. Limnological studies of western Lake
Erie, II. Light penetration and its relation to
turbidity. Ecology 23:41-52.
1944. Limnological studies of western Lake
Erie, Fv7 Relations of limnological and climatic
205
penetration and
? 7 ^ ^ h ° m a P ° n d S and lak6S- P r ° C
Cole G. A. 1957. Studies on a Kentucky Knobs Lake III
Davis C. c. 1958. An approach to some problems of secon-
1962. The plankton of the Cleveland Harbor
area of Lake Erie in 1956, 1957. Ecol. Monogr.
. 1964. Evidence for the eutrophication of Lake
Erie from phytoplankton records. Limnol. Oceanogr
9:275-283. B
DeNoyelles, F. 1967. Factors affecting phytoplankton dis-
tribution in a double cell sewage lagoon. J. Phycol.
Dickman, M. 1969. Some effects of lake renewal on phyto-
plankton productivity and species composition. Limnol.
Oceanogr. 14:660-666.
Duthie, H. C. 1968. Ecology of phytoplankton in Lake
Belwood, a storage reservoir in southern Ontario. J.
Fish. Res. Board Canada 25:1229-1245.
Edelstein, T. 1966. The phytoplankton of Spring Lake,
Michigan. Hydrobiologia 27:137-145.
Edmonson, W. T. 1946. Dynamics of production in aquatic
populations. Ecol. Monogr. 16:358-371.
. 1956. The relation of photosynthesis by
phytoplankton to light in lakes. Ecology 37:161-174.
. 1957. Trophic relations of zooplankton.
Trans. Amer. Microsc. Soc. 76:225-245.
. 1961. Secondary production and decomposi-
tion. Verh. int. Ver. Limnol. 14:316-339.
, G. C. Anderson, and D. R. Peterson. 1956.
Arti ficial eutrophication of Lake Washington. Limnol.
Oceanogr. 1:47-53.
206
W. Comita, and G. C. Anderson. 1962
Reproduction rate of copepods in nature and its rela-
tion to phytoplankton crops. Ecology 43:625-634.
Efford, I. E. 1967. Temporal and spatial differences in
phytoplankton productivity in Marion Lake, British
Columbia. J. Fish. Res. Board Canada 24:2283-2307.
Evans, J. H. 1962. The distribution of phytoplankton in
some central East African waters. Hydrobiologia
19:229-315.
Feth, J. H. 1966. Nitrogen compounds in natural waters:
A review. Water Resources Res. 2:41-58.
Findenegg, I. 1966. Factors controlling primary produc-
tivity, especially with regard to water replenishment,
stratification, and mixing. I_n_ C. R. Goldman,
Primary Productivity in Aquatic Environments. Univ.
California Press, Berkeley. 464 p.
Fogg, G. E. 1965. Algal Cultures and Phytoplankton Ecology.
Univ. Wisconsin Press, Madison. 126 p.
Gaufin, A. R. and D. B. McDonald. 1965. Factors influencing
algal productivity in Deer Creek Reservoir, Utah.
Trans. Amer. Microsc. Soc. 84:262-279.
Gessner, F. 1948. The vertical distribution of phytoplank-
ton and the thermocline. Ecology 29:386-389.
Goering, J. J. and V. A. Dugdale. 1966. Estimates of the
rate of denitrification in a subartic lake. Limnol.
Oceanogr. 11:113-117.
Goldman, C. R. and D. T. Mason. 1963. Light injury and
inhibition in antartic freshwater phytoplankton.
Limnol. Oceanogr. 8:313-322.
Hamilton, D. H., Jr. 1969. Nutrient limitation of summer
phytoplankton growth in Cayuga Lake. Limnol. Oceanogr.
14:579-590.
Hammer, U. T. 1964. The succession of bloom species of
blue-green algae and some causal factors. Verh. int.
Ver- Limnol. 15:829-836.
Hargrave, B. T. and G. H. Geen. 1968. Phosphorous excretion
by zooplankton. Limnol. Oceanogr. 13:332-342.
Hayes F R. and E. H. Anthony. 1958. Lake water and
sediment, I. Characteristics and water chemistry of
some Canadian East Coast lakes. Limnol. Oceanogr.
207
3:299-307.
rv" E- P h i l l i P s - 1958. Lake water and
' A i Radi°Phosphorous equilibrium with mud,
, and bacteria under oxidized and reduced
conditions. Limnol. Oceanogr. 3:459-475.
? d ^ a m i c s of Phosphorous added to
in Israel. Limnol. Oceanogr. 3:84-100.
Heron, J. 1961. The seasonal variation of phosphate
silicate, and nitrate in waters of the English Lake
District. Limnol. Oceanogr. 6:338-346.
Hill D R . 1971. Phytoplankton periodicity in Shanty
Hollow Lake, Warren County, Kentucky. M.S. Thesis
Western Kentucky University, Bowling Green. 55 p.
Holden, A. V. 1961. The removal of dissolved phosphate
from lake waters by bottom deposits. Verh. int Ver
Limnol. 14:247-251.
Howard, H. H. 1968. Phytoplankton studies of Adirondack
Mountain lakes. Amer. Midi. Nat. 80:413-427.
Hudson, P. L. and B. C. Cowell. 1966. Distribution and
abundance of phytoplankton and rotifers in a main stem
Missouri River reservoir. Proc. South Dakota Acad.
Sci. 45:84-106.
Hutchinson, G. E. 1944. Limnological studies in Connecti-
cut, VII. A critical examination of the supposed
relationship between phyto-periodicity and chemical
changes in lake water. Ecology 25:3-26.
1957. A Treatise on Limnology, Vol. 1.
Wiley § Sons, Inc., New York. 1015 p.
. 1967. A Treatise on Limnology, Vol. 2.
Wiley § Sons, Inc., New York. 1115 p.
and V. T. Bowen. 1947. A direct demon-
stration of the phosphorous cycle in a small lake.
Proc. National Acad. Sci. 33:149-153.
and . 1950. Limnological
studies in Connecticut, IX. A quantitative radio-
chemical study of the phosphorous cycle in Linsley
Pond. Ecology 31:194-203.
Imevbore, A. M. 1967. Hydrology and plankton of Eleiyele
Reservoir, Iobdon, Nigeria. Hydrobiologia 30:154-176
208
Jackson D. F 1961. Comparative studies of phytoplankton
photosynthesis in relation to total alkalinity. Verh
int. Ver- Limnol. 14:125-133.
Killiam, P. 1971. A hypothesis concerning silica and the
freshwater planktonic diatoms. Limnol. Oceanogr.
16:10-18. &
Lane, P. A. 1969. A winter-spring study of the phytoplank-
ton of two New York State ponds. J. Elisha Mitchell
Sci. Soc. 85:24-30.
Lund, J. W. G. 1949. Studies on Asterionella formosa Hass.,
I. The origin and nature of the cells producing
seasonal maxima. J. Ecology 37:389-419.
1950. Studies on Asterionella formosa Hass.,
II. Nutrient depletion and the spring maximum. J.
Ecology 38:1-14.
• 1954. The seasonal cycle of the plankton
diatom Melosira italica (Ehr.) Kuetz. subsp. subarctica
Muell. J. Ecology 42:151-179.
• 1955. Further observations on the seasonal
cycle of Melosira italica (Ehr.) Kuetz. subsp. subarctica
Muell. J. Ecology 43:91 102.
• 1964. Primary production and periodicity of
phytoplankton. Int. Ver. Theoret. Angew. Limnol. Verhandl
15:37-56.
• 1965. Ecology of fresh water phytoplankton.
Review 40:231-293.Biol
, F. J. Mackereth, and C. H. Mortimer. 1963.
Changes in depth and time of certain chemical and physi-
cal conditions and of the standing crop of Asterionella
formosa Hass. in the North Basin of Windemere in 1947.
Phil. Trans. Royal Soc. 246:255-290.
Macan, T. T. 1970. Biological Studies of the English Lakes,
American Elsevier, New York. 260 p.
Mackereth,
nella
F. J. 1953.
formosa Hass
Phosphorous utilization by Asterio-
J. Exp. Bot. 4:296-313.
Marshall, H. G. 1965. The annual distribution and stratifi-
cation of phytoplankton at Aurora Lake, Portage County,
Ohio. Ohio J. Sci. 65:190-201.
McCarty, P. L.
in water.
1970- Chemistry of nitrogen and phosphorous
J. Amer. Water Works Association 62:127-140.
209
McCombie, A. M. 1953. Factors influencing the growth of
phytoplankton. J. Fish. Res. Board Canada 10:253-282.
McLaren, I. A. 1969. Primary production and nutrients in
Ogac Lake, a land-locked fiord on Baffin Island. J.
Fish. Res. Board Canada 26:1561-15 76.
Michael, R. G. 1969. Seasonal trends in physiochemical
factors. Hydrobiologia 33:144-160.
Miller, D. 1961. A modification of the small Hardy plankton
sampler for simultaneous high speed plankton hauls.
Bull. Marine Ecology 5:165-172.
Mortimer, C. H. 1941. The exchange of dissolved substances
between mud and water in lakes, I. J. Ecology
29:280-329.
. 1942. The exchange of dissolved substances
between mud and water in lakes, II. J. Ecology
30:147-201.
Moyle, J. B. 1946. Some indices of lake productivity.
Trans. Amer. Fish. Soc. 76:322-344.
Nicola, S. J. and D. P. Borgeson. 1970. The limnology and
productivity of three California coldwater reservoirs.
California Fish § Game 56:4-20.
Palmer, C. M. 1965. Phyto-periodicity in a Newfoundland
pond. J. Phycol. 1:39-40.
Pearsall, W. H. 1932. Phytoplankton in the English Lakes,
II. The composition of the phytoplankton in relation
to dissolved substances. J. Ecology 20:241-262.
Pechloner, R. 1970. The phyto spring outburst. Limnol.
Oceanogr. 15:113-130.
Pennak, R. W. 1949. Annual limnological cycles on some
Colorado reservoir lakes. Ecol. Monogr. 19:234-267.
Pomeroy, L. R., H. M. Mathews, and H. S. Min. 1963. Excre-
tion of P04 and soluble organic phosphorous compounds by
zooplankton. Limnol. Oceanogr. 8:50-55.
Prescott, G. W. 1962. Algae of the Western Great Lakes Area,
W. C. Brown, Co., Dubuque, Iowa. 977 p.
1968. The Algae: A Review. Houghton-
Mifflin, Boston. 436 p.
Rainw ater, F. H. and L. L. Thatcher. 1960. Methods for
210
collection and analysis of water samples. U. S. Dept.
Interior, Geol. Surv. Water Supply Paper No. 1454:1-301.
Raschke, R. L. 1970. Algal periodicity and waste reclamation
in a stabilization pond ecosystem. J. Water Pollution
Contr. Fed. 42:518-530.
Rawson, D. S. 1956. Algal indicators of trophic lake types.
Limnol. Oceanogr. 1:18-25.
Reed, E. B. and J. R. Olive. 1956. Annual cycle of net
plankton in a fluctuating north-central Colorado reser-
voir. Ecology 37:713-719.
Reid, G. K. 1961. Ecology of Inland Waters and Estuaries.
Reinhold Publ. Co., New York. 375 p.
Reynolds, C. S. and S. E. Allen. 1969. Changes in the phyto-
plankton of Oak Mere following the introduction of base
rich water. British Phycol. Bull. 3:451-462.
Rigler, F. H. 1956. A tracer study of the phosphorous cycle
in lake water. Ecology 37:550-562.
. 1961. The uptake and release of inorganic
phosphorous by Daphnia magna. Limnol. Oceanogr. 6:165-
174.
. 1964. The phosphorous fraction and the turn-
over time of inorganic phosphorous in different types
of lakes. Limnol. Oceanogr. 9:511-518.
Riley, G. A. 1940. Limnological studies in Connecticut, III.
The plankton of Linsley Pond. Ecol. Monogr. 10:280-307.
Rodhe, W. 1948. Environmental requirements of freshwater
plankton algae. Symbolae Bot. Uppsaliensis 10:1-149.
1964. Effects of impoundment on water chemistry
and plankton in Lake Ransaren (Swedish Lappland). Verh.
int. Ver. Limnol. 15:437-443.
Ruttner, F. 1963. Fundamentals of Limnology. Univ. Toronto
Press, Toronto, Canada. 295 p.
Sakamoto, M. and K. Hogetsu. 1963. Spectral changes of
light with depth in some lakes and its significance to
the photosynthesis of phytoplankton. Plant § Cell
Physiol. 4:187-198.
Sladecek, V. 1958. A note on the phytoplankton - zooplankton
relationship. Ecology 39:547-549.
211
Smith, G. M. 1950. The Fresh-Water Algae of the United
States. McGraw-Hill, New York. 719 p.
Spencer, J. L. 1950. The net phytoplankton of Quabbin
Reservoir, Massachusetts, in relation to certain environ-
mental factors. Ecology 31:405-425.
Stockner, J. G. and W. W. Benson. 1967. The succession of
diatom assemblages in the recent sediments of Lake
Washington. Limnol. Oceanogr. 12:513-532.
Swanson, G. A. 1965. Automatic plankton sampling system.
Limnol. Oceanogr. 10:149-152.
Tailing, J. F. 1955. The relative growth ratio of three
plankton diatoms in relation to underwater radiation and
temperature. Ann. Bot. London, N.S. 19:329-341.
1957. Two plankton diatoms in mixed culture.
Physiol . PI. 10:215-223.
1962. Freshwater algae. In R. A. Lewin,
Physiology and Biochemistry of Algae. Academic Press,
New York. 929 p.
. 1966. The annual cycle of stratification and
phytopiankton growth in Lake Victoria (East Africa).
Int. Rev. ges. Hydrobiol. 51:545-621.
Tucker, A. 1957. The relation of phytoplankton periodicity
to the nature of the physio-chemical environment with
special reference to phosphorous. Amer. Midi. Nat.
57:300-370.
Verduin, J. 1954. Phytoplankton and turbidity in west Lake
Erie. Ecology 35:550-561.
1956. Primary production in lakes. Limnol.
Oceanogr. 1:85-91.
Vyas, L. H. and H. D. Kumar. 1968. Studies on the phyto-
plankton and other algae of Indrasagar Tank, Udaipur,
India. Hydrobiologia 31:421-434.
Ward, R. W. and H. C. Seibert. 1963. Investigation into the
'limnology of Dow Lake, Athens County, Ohio. Ohio J.
Sci. 63:128-144.
Welch, P. S. 1948. Limnological Methods. McGraw-Hill,
New York. 381 p.
Woodson, B. R., Jr. 1969. Algae of a freshwater pond.
Castanea 34:352-374.
212
Wright, J. C. 1956. The limnology of Canyon Ferry Reservoir,
I. The phytopiankton - zooplankton relationships in the
euphotic zone during September and October, 1956.
Limnol. Oceanogr. 3:150-159.
Zicker, E. L., K. C. Berger, and A. D. Hasler- 1956. Phos-
phorous release from Bog Lake muds. Limnol. Oceanogr.
1:296-303.
